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PREFACE 


In December, 1901, 1 wrote a brief preface for the first edition of this 
book ; now it is 1947 and, with the first preface before me, I am writing 
another for the sixth edition. I have to confess that, in the enlighten- 
ment which the intervening forty-six years have brought me, my 
original preface makes rather sorry reading. “ Fifty years ago,” my 
preface began, “ it was possible for a teacher in a winter course of 
lectures to lay all the essential facts of embryology before his pupils ; 
lo-day fifty courses are not sufficient, so limitless have its subjects 
grown.” In 1901, to be sure, the reconstructional method which 
Professor His of Leipzig had applied to human embryology during the 
last two decades of the 19th century with rare success was spreading 
ibroad’ to all centres of anatomical research, so that the output of 
Jmbryological fact was being multiplied, if not fifty times, at least many- 
fold. If such was the increase of 1901, what are we to say of the output 
af the present time ? It is at least ten times that of 1901. Indeed, I 
suspect that many of my younger colleagues are of opinion that we knew 
Qothing of real embryology at the beginning of the present century, 
Meaning thereby that we knew only the dead anatomy of the embryo, 
lothing of its living activities. AVbicb, in a sense, is true, for living 
Jmbryology is a growth of the 20th century. Perhaps a nemesis awaits 
uy younger friends, for a century hence, at the present rate of progress, 
their successors will probably pass an equally hard verdict on their 
cnowledge. 

Having duly impressed ray readers with the vast dimensions which 
the twin subjects embryology and morphology had attained at the 
beginning of the present century, I proceeded to explain how my choice 
of matter had been made. llTien the first edition appeared, I was 
leaching anatomy to students of the London Hospital. I thought then, 
ind still think, that medical students do their work in the wards of the 
hospital all the better if they know something of the history of the 
human body. Sly book was based on demonstrations" I gave to senior 
students during a winter session. " Each fact taught to the student,” 
1 \vrote in 1901, “ was necess.arily one which was capable of application 
■0 his life 8 work, or by the possession of which he became a better 
^orkman. The extent to -which each subject was dealt with was 
etermined by its practical importance. In brief, clinical utility was 
e criterion applied.” I would not defend that criterion now — the 
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criterion of utility. In subsequent editions my utilitarian ideal retrea-' 
more and more into tbe background. can tell what the clinica 

utility of any newly discovered fact may prove to be ? Eontgen neve 
dreamt that his discovery was to afiect clinical practice in every hi ■ > ’ ^ 
of the world. I remember a time when we counted the facts relating b 
the behaviour of the nucleus during cell-division as idle knowledge, ' ' 
now that same nucleus has become a microcosm wherein we see tl 
machinery of heredity and of evolution at work. And so the basis cn 
which embryological facts were admitted to my text broadened ; every- 
thing which seemed to throw new light on our imderstanding of the 
human body was welcomed to my pages. Especially if such additioiu 
threw light on the history of the human body. Although I never forgot 
the needs of the medical student, the claims of the historian of the 
human body came to dominate my attention more and more. 

One guiding principle has remained with me imchanged. I still 
maintain that Embryology becomes a profitable study only when w 
interpret its events in the light of evolution. We have to assume that 
multicellular forms of life were evolved from forms which were originallj 
unicellular ; that the vertebrate type arose from a larval stage of 
invertebrate ; that the vertebrate type was originally water-living " 
water-breathing ; that air-breathers arose from a water-breal i 
ancestry ; and that limbs arose from fins. The evolutionary princip’ 
as a source of guidance becomes particularly valuable when we seek ' 
interpret the events which enable the embryo to become a parasite » 
the maternal womb. We have then to assume that viviparity w" 
evolved from oviparity, and that the membranes in which the em’ 
and foetus become enclosed are but transformations of parts which • 
one time were iucluded in the structure of the gut and body waU of a ■ 
animals. 

When the first edition of this book appeared, two lines of researr 
were afoot which ultimately revolutionized our conception of vit- 
processes, particularly those relating to growth and to developmen 
In January, 1902 , Bayliss and Starling annoimced the discovery l 
secretin, the herald of the hormone summer. I do not think Stai ' 
has ever received the recognition of his prescience. As evidence of ' 
let me quote a passage from a lecture he gave in 1905 {Lancet, 1905 ( 2 ' 
583 ) : “ If, as I am inclined to believe, all the organs of the body • ' 
regulated in their growth and activity by chemical mechanisms sitnila 
to those I have described, an extended knowledge of the hormones an' 
their modes of action cannot fail to add largely to that complete cr i ■ 
of the body which is the goal of medical science,” At the time Ba 
and Starling made their discovery, Hans Spemaim in Germany"*^ 
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W. H. Lewis in America had each made independently an observation 
which seemed to have nothing to do with hormones, namely, the lens* 
forming power which the optio cup of the embryo exerts on the overlying 
ectoderm. The next important step forward in this second line of 
research was made by Spemann and Mangold when they demonstrated 
the power of induction possessed by the dorsal lip of the blastopore. 
The final discovery which linked those two separate lines of enquiry 
together and made them one came in the early ’thirties (Waddington, 
1934), when it was foimd that the power of the dorsal lip of the blastopore 
to act as an “ organizer ” was duo not to a living virtue resident within 
it, but to a dead chemical substance produced within it ; in short, to a 
hormone, The story which I have been telling so imperfectly has been 
told in full by Dr. Joseph Needham in Biochemistry and Morphogenesis 
(1942). “ Evocators,” " inductora,” hormones, as Dr. Needham rightly 
insists, can only call forth powers, capacities or competences which 
are already in existence within developing tissues ; they are powerless 
to impart new properties or capacities to the tissues with which they 
come in contact. Thus the task which lies in front of embryologists is 
to discover the competences possessed by tissues and organs at each 
stage of their development and to isolate and identify the hormones 
•hich serve as evocators and organizers. 

"When the first edition of this book appeared, Germany was tho centre 
f embryological and morphological research ; that proud place has 
lassed to the United States of America, The chief agent in efiecting 
his transference Tvas ray gifted contempor.ary, Franklin P. Mall ; it 
i’as he who laid the foundation of the school which has become our chief 
ource of embryological fact — the Department of Embryology of the 
i^arnegie Institution, Washington. His early death in 1917 seemed a 
OSS that was irreparable, but under the direction of his successor and 
pupil, Dr. George L. Streeter, the Department of Embryology went 
rtom strength to strength ; Contributions to Embryology^ the publication 
of the Department, took its place in all the embryological laboratories 
of the world os the chief source of new knowledge, at least so far as the 
levelopment of the human body was concerned. On Dr. Streeter’s 
retirement in 1941, he in turn w.as succeeded by a pupil. Dr, George 
V\ . Corner. One can be certain that in Dr. Corner’s hands there will be 
no falling away from the high standards established by his predecessors. 

pages owe more to the American (Carnegie) School than to any other 
single source. One other important source I am glad to have this 
opportunity of acknowledging. It is the Manual oj // ummi Embryology, 
by my friend — the late Prof. J. E. Frazer ; I know of no text-book of 
embryology that is so packed wth original observation as is his. 
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So mncTi for past editions of tiiis book. ^Vbat of tbe present % 
Compared witb. tbe fifth edition, wbicb appeared in 1933, tbe present 
(sixth) edition differs in tbe following ways : 

Tbe number of chapters has increased from XXX to XX XII. This is 
due to a division of two former chapters, XXVI and XXI X. Chapter 
XXVI was the second of two devoted to the urogenital system ; there 
are now three chapters devoted to this system, the new chapterj XXHI, 
dealing with the development and descent of the testicle, and the 
development of the adrenals. Chapter XXIX of the older edition was 
the second of two which gave an account of the development and 
evolution of the limbs ; there are now three chapters devoted to the 
limbs (XXIX, XXX, XXXI), the last being given to the processes of 
growth and of ossification as seen in the human skeleton, matters m 
which our knowledge has been expanding rapidly. 

The number of figures has risen from 535 in the previous edition to 
578 in the present. The new illustrations were drawn by Miss Mary 
Barclay-Smith. To her skill the author is greatly indebted. 

The greatest change in the present edition will be seen in “ Notes and 
Eeferences ” ^ven at the end of each chapter. These have been much 
expanded by references to recent papers which give original observations 
on matters dealt with in the text. In so loading these notes the author 
has had in mind the needs of teachers and of students who wish to take 
a hand in the good work of adding to what we now know of the develop- 
ment and growth of the human body. To these notes, also, have been 
transferred matters which are still subjects of debate or of doubt. On 
occasion, too, the author has used these notes as vehicles for the 
expression of personal opinion. 

Hardly a page has escaped some degree of amendment ; in most 
chapters, several pages have had to be added. As these additions 
indicate the subjects which have received attention from embryologists 
since the issue of the last edition, it may be of interest to specify the 
more important. In Chapter I, there had to be incorporated accounts 
not only of very early stages of human development, but of the very 
earliest stages of primate development, based on specimens derived not 
from the human family, but from domesticated families of . the rhesus 
monkey. In this way blanks in our knowledge of the earliest stages in 
the development of the human ovum have been filled in. To this new 
reliable and acciuate source of knowledge embryologists are indebted 
to the Carnegie Institution of Washington. Chapter II, which treats 
of placentation, had to be recast ; Chapter III, devoted to the origin^of 
special embryonic structures, had also to be altered, new interpretatic - 
given and additions made, particularly relating to the mapping ^ 
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“ presumptive areas ” on the embryonic shield. My chief difficulty with 
Clhapter IV has been to keep it within bounds, for it is mainly concerned 
with that most fruitful and progressive of all branches of our subject, 
experimental embryology. For the greater part I have had to content 
myself by gi\'ing references to the leading works on this subject. 

Many additions have been made to the four chapters {VIII, IX, X, 
XI) that are devoted to the development and morphology of the 
central nervous system. These relate to the development of nerve 
fibres, of the autonomic system, of the cerebellum, of the ganglionic 
masses of the fore- and mid-brain, and of the supragranular cortex. 
Especially important are the discoveries made in the role played by the 
nenral crest ; not only is it concerned with the formation of posterior 
root ganglia, the sjonpathetie system, the formation of nerve sheaths, 
but also with that of the pia-arachnoid and the development of face 
and pharynx. 

In re\daing Chapters XII and XIII, which treat of the skull and face, I 
have obtained assistance from the writings of Prof. Brash, of Prof. H. A. 
Harris, of Prof, Wood-Jones, of Prof. He Beer and of Prof. P. D. F. 
Murray. Readers will find that in ray pages the pre-maxilla has become 
again a bone of contention. In amending Chapter XVI (which deals 
with the eye and with vision), I received great help from Hr. Ida Mann’s 
Ahnonnalities of the Human Eye (1937). Chapters XVIII and XIX, 
devoted to the pharynx and structures derived from it, required several 
additions, particularly concerning the origin and nature of paraganglionic 
bodies, wherein I have followed the lead of Prof. J. D. Boyd. It is un- 
necessary to specify alterations made to later chapters ; they have been 
mentioned incidentally when giving my reasons for introducing two 
additional chapters. 

To Prof. J. C. Brash, of the University of Edinburgh, and to Dr. 
A. J. E. Cave, of the Royal College of Surgeons of England, I owe a deep 
personal debt. They have brought to ray notice errors and obscurities 
in the previous edition and made suggestions for the improvement of the 
present issue. 

Arthur Keith. 


Downe, Kent. 
July, 1947 


lave taken the opportunity, pven me by a reprint being called for 
? (si.vtb) edition, fo amend certain details of my text and 

o a -e good some omissions. I am indebted to colleagues for drawing 
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my attention to these needed changes, especially to Prof. Cecil M, West, 
of Cardiff, to Prof. James Brash, of Edinburgh, and to Prof. A. N. 
Burkitt, of Sydney. Alas ! it has not been possible to fall in with all 
their suggestions. Some of the defects to which they have called my 
attention lie in the history of this book ; like its author it has grovTi 
old. The scientific terms used when the first edition appeared have 
been replaced by others ; in some cases I have clung to the old names. 
Especially is this the case with illustrations that have done duty since 
the first edition appeared ; they still bear the old but good names— 
epihlxist for ectoderm, onesoblast for mesoderm, and hypoblast for endo- 
derm. The blocks of these old illustrations have become worn and 
thin, but I am partial to them. Modern anatomists have banned the 
use of personal names in anatomical literature, which is a gain in many 
respects. But some of these names I am attached to — such as Rolando, 
Syhdus, Eustachius, Poupart, Hunter, etc. — and hence I have con- 
tinued to use them. Some of my colleagues wish to have the older 
illustrations redrawn and the older nomenclature swept from my text. 
If at some future date a new edition wnre needed, these changes .would 
merit consideration. — ^A. K. 
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HUMAN EMBRYOLOGY AND 
MORPHOLOGY 

CHAPTER I 


EARLY CHANGES IN THE DEVELOPMENT OF THE 
OVUM AND EMBRYO 


The First Five Weeks of Development. — In the first 5 weeks of 
human development changes t.ake place very rapidly. In that short 
time the fertilized ovum passes from the condition of A single cell, with 
a diameter of about 1/200 of an inch or 125p*, to a fully formed human 
embryo about 1/6 of an inch in length (5 mm.) anjd contained within a 



Fio. 1. Thepattsora&Utnre EninsnOvuin. (Macnlfie. x 100) (After Van der 
Striebt.) 

Fio. 2. Humao Fmbr}o and ita Membranes at the end of the 5th week of development 
(Magnlflc. X 3.) (After KoUmaoQ ) 


spherical envelope of embryonal membranes that measures nearly 
an inch in diameter (sec Figs. 1 and 2). By the end of the 5th week the 
beginnings of all the parts of the adult body arc recognizable — tbe bead, 
the trunk, the limb-buds, the primitive segments, the eyes, the nose 


jl; , arc given at first according to our Engluh standard, but throughout 

On., .n'li . r“ore *5onrtn'icnt metric system will be employed. One inch = 25’4 mm. 
miUimctrc =» 1000^. or microrailhmctrea, or micron?. 

1 1 
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HUMAN EMBRYOLOGY, AND MORPHOLOGY 

growth of the pelvis, which becomes marked as the child learns to walk, 
and especially in the female at the time of puberty. The ovary, as is 
more frequently the case with the testicle, may be arrested in its descent. 

In Fig. 4 an earlier stage is shown ; it represents the condition about 
the beginning of the 3rd month. The ovary and tube with the remnants 
of the Wolffian body — a primitive form of kidney — occupy the position 
in which they are developed. Both are suspended by mesenteries from 
the dorsal wall of the peritoneal cavity, at the side of the mesentery of 
the gut. 

Normal Position o£ the Adult Ovary. — When the ovary descends 
within the pelvis it usually occupies a definite triangle — ^the ovarian 



FXG. 5. Sliowing the position of the Ovary on the lateral wall of the Pelvis and its relation 

to the Fallopian Tube. 

triangle — on the lateral wall of the pelvic cavity (Fig. 5). The ovarian 
triangle is bounded above by the upper or proximal half of the external 
iliac artery; below and behind by the internal iliac artery, with the ureter 
lying on the artery ; in front by the reflection of the posterior layer of 
the broad ligament on the side of the pelvis. The peritoneum covering 
the triangle forms a depression, or occasionally a pouch, for the ovary. 
The fimbriated end of the Fallopian tube is normally applied to the 
ovary, ready to receive the ripe ova and transfer them to the uterus [2]. 
One of the fimbriae — the ovarian fimbria — tethers the tube to the ovary. 
It ^vill be seen that, with the descent of the ovary, the mesosalpinx the 
mesovariura and the common genital mesentery have come to form’ 
major part of the broad ligament. The upper end of the common 
genital mesentery now forms the ovariopelvio ligaments (Figs. 3 and 5). 
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DEVELOPJIBNT OF THE OVUM 
The ovary brings down with it, too, the ovarian arteries, veins, lymphatics 
and plexus of nerves. The nerves come through the aortic plexus from 
the 10th and 11th dorsal segments of the spinal cord, and the lymphatic 
vessels carry the ovarian lymph to a group of glands situated high up 
in the lumbar region. 

An Ovnm [3], — ^As the infantile ovaries descend, each is laden with 
thousands of ova ; estimates vary from 70,000 to 100,000. The ova 
are embedded in the cortical stroma of the ovary, each being surrounded 
by a special company or cluster of epithelial cells, which provide both 
a nest and nourishment for the ovum or oocyte (Figs. 6 and 7). The cells 
that surround on ovum, with a condensed layer or theca of stroma cells 
outside them, form a Graajlan follicle. The ovary is covered by a 



FlQ. 6. Fio. 7. 

Fta. 6. Dia^aismatic Secticn of tho Ovary of a Sth-ujonth Foetus, shoving Kests of 
Getmlaal FpIttieLum and uonpo OrsaSan Follicles. 

FlC. 7. lUpo Graafian Follicle at Puberty. 

cubical epithelium, derived from the germinal epithelium that formed 
a stratum on the free surface of the ovary at its first appearance in the 
roof of the abdominal cavity. The ova and their accompanying 
follicular cells are derived from the surface stratum. Amongst the 
columnar cells of the germinal epithelium and also in the stratum 
immediately beneath them are large peculiar cells. These are the 
primordial ova from which brood ova arise. The ova are thus carried 
within the ovary by ingrowths of the germinal epithelium. These 
tubular invasions into the ovary become broken up, the isolated masses 
of the germinal epithelium remaining to form the Imings of the Graafian 
follicles. In the outer or cortical zone, follicles continue to form in early 
foetal life. It has been found that all the ova formed in early foetal 
life degenerate and disappear before the time of birth [4]. After birth, 
the formation of new ova continues ; even up to the end of the fifth 
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directed backwards on the lateral pelvic wall above tbe ovary ; (c) the 
band, infundibular or fimbriated part, folded backwards on tbe free 
border and exposed surface of tbe ovary. Tbe tube is fastened by one 
of its fimbriae to tbe cranial pole of tbe ovary. 

Course of the Ovum in 'the Tube. — Tbe cilia on tbe fimbriae work 
towards tbe ostium abdominale, tbe abdominal moutb of tbe Fallopian 
tube, wbicb is situated at tbe bases of tbe fimbriae, and carry tbe dis- 
charged ovum tbrougb tbe ostium witbin tbe tube. Tbe ostium 
abdominale is shut when tbe tube is examined after excision ; tbe closure 


rALLOPIAN TUBE 



Fig. 8. PIG. 9. 

FIG. 8. Diagrammatic Section of the Broad Ligament and Fallopian Tube. 

Fig. 9. Mature Ovum of Bat, showing the separate Polar Bodies, the Female Pro- 
nucleus and a Spermatozoon about to form a Male Pronucleua, (After Van der 
Stneht.) 

is probably due to reflex contraction of tbe tube muscle, caused by 
handling and cutting. In tbe infundibular and ampullary segments of 
the Imbe, tbe mucous membrane is thrown into long plicated folds, shown 
in section in Fig. 8. They are covered with ciliated epithelium, which 
urge the ovum towards the uterus. Between these folds, in the upper 
reach of the tube, the ovum, if it is to be fertilized, usually meets the 
male cell or spermatozoon ; spermatozoa reach the sites of fertilization 
within a few hours of coitus, but lose their powers soon after their arrival 
in the tube [8]. The ovum, too, loses its powers a few hours after being 
shed. Tlie passage of the fertilized ovum along the tube, assisted by 
peristaltic contractions, takes place slowly, for it undergoes its first 
developmental changes during this journey, which extends over a period 
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^of 5 or 6 days. If the passage of the fertilized ovum is obstructed, which 
may result from an inflammation or cicatrization of the epithelial lining 
of the tube, development may proceed at the point of obstruction. 
nVhen tuhal prepiancy occurs, the growing ovum expands and ultimately 
I perforates the tube — usually in the 2nd month — an accident which is 
/ always attended by a grave haemorrhage. 

The History of the Ovum within the Fallopian Tube. — When the ovum 
enters the Fallopian tube, it is a cell of very considerable size (120 to 
ISO/i), with a cell wall (the zona pcllucida or radiata (Fig. l)),a nucleus 
(the germinal vesicle) and a nucleolus (the germinal spot). The ovum 
prepares for fertilization by the extrusion from its nucleus of first one, 
then a second polar tody, and, with the extrusion, the germinal vesicle 
becomes the female pronueleus (Fig. 9). The first polar body is shed 
as the ovum ripens in its Graafian folhcle ; the second separates in the 
tube after the sperm enters the ovum [9J. The polar bodies or polocytes, 
for they really represent cells, lie outside the protoplasm of the ovum, 
but within the zona pcllucida ; they are parts of the germinal vesicle, 
which are extruded with all the display of karyokinesis— the peculiar 
changes manifested by the nucleus when a cell is about to divide. We 
.•shall see that the three polar bodies really represent three aborted ova — 
ivrhich have left their cell bodies behind them to enrich that of the 
' principal ovum. 

Kaiyokinesis. — The preparatory or maturation changes that take 
place in the nucleus of the o^uun and also in the nucleus of the male 
germinal cell are of the greatest interest to us, for wo have good grounds 
for suspecting that the mechanism that regulates the shaping of the 
adult body is represented in the substance of the nucleus of the germ 
cell. The nucleus appears to be the chief vehicle of heredity — the 
medium by which the features of parents are handed on to the child. 
Hence the importance attached by embryologists to the elaborate 
changes imdcrgonc by the nucleus of a maturing male or female germ- 
cell. "When an ordinary cell of the body is about to divide, the nucleus 
undergoes certain changes before cleavage takes place. The nuclear 
division precedes that of the whole cell. This mode of cell division or 
cell propagation is known as karyokincsis or mitosis. Two elements 
within the nucleus play a part in the process— the chromatin, which 
readily combines with certain staming reagents, and the achromatin, 
which does not absorb dyes. In the resting phase, the chromatin is 
scattered as minute particles in the substance of the nucleus, but when 
ptosis is to take place the particles unite into filaments ; these filaments 

mak up into segments or rods, each rod being known as a chromosome 
10). The chromosome number for man is 48 ; they are arranged 
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Formation of Spermatozoa. — ^Having thus described the maturation 
of the ovum, and followed it within the Fallopian tube, it is necessary 
to trace the history of its counterpart in the male — ^the spermato- 
zoon [11]. The manner in which a spermatozoon is produced by a 
primary and secondary division from a spermatocyte is very similar to 
the production of a mature from an immature ovum. The form of mitosis 
is the same (hetero typical), the chromosomes being reduced to 24 in 
niunher and to a peculiar shape. The two divisions take place within 
the seminiferous tubules of the testis, and result in the production of 
four spermatozoa, corresponding to the mature ovum and three polar 
bodies (Fig. 11, B). It is in the first of these two divisions that reduction 
takes place. The seminiferous tubules correspond to the earhest in- 
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Fia. 11. 

A. Diagram of a Spermatozoon. 

2?. Diagram sho^ving the origin of Spermatozoa from the lining cells (spermatogonia) of 

the tubules of the testicle. 


growths of germinal epithelium that carry the primordial ova within 
the medulla of the ovary. Lining the tubules are two kinds of cells : 
those of Sertoh (Fig. 11, B), large cells for nourishing the spermatozoa, 
representing those of the stratum granulosum in the Graafian foUicles ; 
and other cells known as spermatogonia, corresponding to primordial 
ova. Spermatogonia divide and give rise to primary spermatocytes, 
which correspond to i mm ature ova. A primary spermatocyte divides 
into two secondary spermatocytes, each of which again divides, and thus 
four cells are produced, which become .modified into spermatozoa 
(Fig. 11, B). The nucleus forms the head, the junctional part repre- 
sents the centrosome, while the tail is all that remains of the substance 
of the cell body (Fig. 11, A). The ripe ovum has a diameter of about 
130/a, whereas the total length of a spermatozoon is only 50/r. ’While 
the ovum represents a large passive cell, laden with nourishment or 
yolk, its male counterpart becomes highly modified within tlie Sertoh 
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or nurse cell, has its cell substanco reduced to a minimum and develops 
a power of active motion. Ova ripen singly ; spermatozoa, on the other, 
hand, ripen by the million. Spermatozoa can be kept alive for many 
Idays m nutritive media [12] ; probably the secretions of the epididymis, 
vcsiculac seminalcs, prostate and Cowrper’s glands are for this purpose. 

Fertilization. — In the coinsejuMecundation many millions of sperma- 
tozoa arc lodged in the gcnital passage ; some stem the adverse current 
of the uterine cilia, and so reach the interlaminar grooves in the wider 
parts of the tube. In the course of its descent within one of the grooves 
the egg may be fertilized. The spermatozoon, attracted to the ovum by 
a force we do not yet understand, bursts through the zona pellucida, 
loses its tail, its head enlarges, and forms the male pronucleus. The male 
and female pronuclei unite, and from their union springs the nucleus of 
the fertilized ovum. This is the centre from which all future develop- 
mental changes start. In the pronuclcf, it will be remembered that the 
chromosomes were reduced to half the usual number ; by their union the 
full complement of 48 is again restored in the fertilized ovum. By the 
process of fertilization, the characters of two human individuals are 
mingled. The ovum may be, but rarely is, fertilized in the ovary, or 
between the ovary and ostium abdominalc, the result being a pelvic 
gestation. The fertilized ovum reaches the cavity of the uterus about 
the 6th day and prepares for implantation. During its passage it under- 
goes repeated segmentations. The musculature of the tube, as well as 
the action of the cilia, assists the fertilized and developing ovum in its 
progress towards the cavity of the uterus. 

Formation of the Embryo. — Wc are now to follow, step upon step, the 
changes which are to transform the fertilized ovum into a human embryo. 
With the fusion of the male with the female pronuclcus the ovum begins 
to di\'idc, thus gi'Tng rise to the first brood of cells, two in number [13] ; 
these in turn give rise to a second brood, four in number, and so on 
through successive stages, until a minute mass of cells replaces the ovum 
(Figs. 12 and 13) and thus a hlastula or morula is formed — the first 
stage in the production of an embryo. 

The production of the hlastula takes place as the egg passes towards 
the carity of the uterus, but before it has come into actual contact with 
t e prepared lining membrane or decidua, it has entered a second and 
(Fic A space or cavity appears within the hlastula 

cells yrliL^° ^ cells become arranged in a definite manner. The 
ia to \>e structures by which the embryo 

covenng layer Jvin around the central cavity as a 

enwrapping membrane ^ 'which arc to build up the embryo and its 
own as the amnion, are enclosed within the 



16 


HXJMAN EMBRYOLOGY AND MORPHOLOGY 

group having a separate developmental destiny. First, there are those 
(95 in number) just under the enclosing layer of trophoblast that go 
to the formation of the enclosmg membrane, the amnion, and may be 
named amniogenic or amnioblastic. The cells of the inner mass that 
are to give rise to the embryo may be called embryogenic or, collectively, 
the embryoblast ; they are only 32 in number. Finally, there is the 
primitive or blastocystic endoderm ; it forms the deepest and thinnest 
stratum of the inner cell mass ; in Fig. 15 it is seen to be spreadmg 
beyond the limi ts of the inner cell mass, and will ultimately enclose the 
cavity of the blastocyst. 

How actively development is proceeding at this stage may be seen 
from Fig. 16, which represents the state reached on the 10th day. The 
trophoblast over the inner cell mass had invaded the hypertrophied 
mucous membrane of the uterus (endometrium) and is actively proli- 
ferating, absorbing the invaded tissues, thus obtaining a means of 
sustenance. Changes are taking place in the inner cell mass ; in its 
amniogenic cells a cavity has appeared, the cavity of the amnion. The 
endodermal stratum is now more distinct and is seen to be spreading 
outwards on the wall of the blastocyst. Implantation is not complete ; 
the area of the trophoblast wall, opposite to the inner cell mass, is still 
exposed and will gain an attachment to the opposite waU of the uterine 
cavity. But in man, and in anthropoid apes, the whole of the blasto- 
cyst becomes embedded ; implantation is complete in them. In them 
too, the point at which entry is made is sealed up by a fibrinous cap. 

In the 12th day the developing blastocyst of the macaque enters 
another stage. The three constituents of the inner cell mass — embryonic, 
amniogenic and primitive endoderm — ^have set out to build embryo, 
amnion and primitive yolk-sac. The amniotic cavity has expanded ; in 
its floor the embryonic cells now form a double layer or plate, an upper 
or ectodermic and a lower or endodermic. In the development of all 
vertebrates the yolk-sac is developed in two parts. There is first the part 
that contains the yolk ; this is the part represented by the cavity 
of the blastocyst of the macaque — the blastocele. The second part is 
developed later, between the embryo and the stock of yolk ; it is this 
later part of the yolk-sac which appears in the macaque blastocyst on 
the 12th day ; it constitutes the true or permanent yolk-sac. Thanks 
to Drs. Streeter and Heuser we now know that the yolk-sac of the 
human embryo has the same two stages in its development. 

Such, then, are the stages which the blastocyst of the macaque 
passes through in the earlier days of the 2nd week of development. 
We turn now to the corresponding stages of the human blastocyst [14]. 
Althoug^„t ese stages have now been fmmd (p. 29) it will be profitabl 
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to look for a moment at the hypothetical reconstructions wc had made 
of them. Such a reconstruction is depicted in Fig. 17. The blastocyst 
IS shown completely embedded in tlie endometrium ; it is now known 
iJhat the human blastocyst is implanted precociously — by the 8th day. 
The blastocyst wall is not thick, as shown in the diagram, but is made up 
for the greater part of a single layer of cells ; only in the deeper parts 
the trophoblast proliferating rapidly and spreading into the endo- 
Two cavities are sho^vn : the amniotic enclosed by ectoderm ; 
e Vitelline cavity enclosed by endoderm. The bilaminar embryonic ' 
p ate separates the two cavities. The cavity of the blastocyst — the 
astocele—is depicted as filled by a fine reticulum, which is the first 



of the mesoderm to be developed. The mesoderm in Fig. 17 has been 
given too precocious and too dense a representation. The yolk sac ha.s 
not the definite wall shown in that figure ; only the roof, the part under- 
} ing the embryonio plate, has a definite existence ; the rest of the 
ca\*ity represented as bounded by endoderm is hard to distinguish 
rom the reticular mesoderm. All the mesodermal tissues lying between 
e cavity of the endoderm and the trophoblastic wall are derived by 
c ammation from the layer of ectoderm which constitutes the tropho- 
blastic wall. 

In 1- ig. 18 is represented another hypothetical stage — that reached by 
nman blastocyst at the end of the 2nd week. In Fig. 17 a space or 
cleft r ^ reticular mesodermal tissue ; in Fig. 18 this 

ai extended throughout the blastcKsyst, .separating amnion and 
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arclienteron (yolk sac) from the enclosing wall of troplioblast by a wide 
space — ^tbe extra-embryonic coelom. The trophoblastic wall has now a 
lining of mesoderm, while the walls of the amnion and archenteron receive 
a similar covering. Now, if the yolk sac cavity shown in Fig. 17 had 
become the yolk sac of the stage represented in Fig. 18, as we all assumed 
it did, then the account just given could not have turned out to be 
erroneous. It is now known that the yolk sac and its surrounding 
reticular tissue (shown in Fig, 17) are pressed back and disappear 
when the coelomic cavity is formed, while a new or permanent yolk sac 



Fig. 18. Hypothetical reconstruction of the stage reached by a Human Blastocyst 
at the end of the 2nd "week of development. The mesoblast (mesoderm) of the 
Blastocyst -was at one time believed to arise ftom the Embryonic Plate. (After 
T. H. Bryce.) 

is formed from the roof of the old one. It is the permanent yolk sac 
that is depicted in Fig. 18. 

When we enter on the stages passed through by, the human embryo 
in the 3rd week of development we leave hypothesis behind us ; there 
are so many observations to guide us. In 1899 Dr. Peters gave a full 
and clear description of the stage reached at the beginning of the 3rd 
week [15]. The whole blastocyst was as yet of small size — only 1-6 mihi 
(1 /16 in.) in its longest diameter (Fig. 19). The enveloping trophoblast, 
which is ectodermal in nature, with its lining of mesoderm, now receives 
the name of chorion, although, as yet, it is non-vascular. It draws 
sustenance from the endometrium. The archenteric vesicle (yolk sac) 
is stiU of minute dimensions (Fig. 19). The amniotic cavity formed 
within the enclosed ectoderm is larger, and the cells lining it have 
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become differentiated into two kinds (Fig. 19). An area of columnar 
cells, forming the floor plate of the cavity, produces ultimately the 
epithelial covering of the body, and all the cells and fibres of the nervous 
system. The flatter cells that line the dome of the cavity will form 
the epithelial lining of the Amnion ; the outer layer of mesoderm affords 
a covering to the amniotio ectoderm (Fig. 19). Fluid collects ^vithin 
the cavity of the amnion ; floating in the fluid, the human embryo >vill 
develop. Thus the delicate embryonic tissues, being equally supported 

utens 




yia. 10 The stage of docloitment reached by the Human Blastocyst at the beginning 
of tite 3nl veek of develooment It H embedded in the Imlng membrane of the 
Uterus (Modified by F. Wood Jones nom drawings given by Peters and Scicnka > 

on all sides by the amniotic fluid, may pursue their developmental 
courses, unhindered by the influence of graWty and uninjured by the 
pressure to which the uterus within the abdomen is subjected by the 
movements of respiration or bending of the trunk. If the fluid is deficient 
or absent, then many forms of malformation may result. 

At the stage represented in Fig. 19 it becomes possible to detect the 
oundation or Aniage of the embryo.^ It is represented by the bilaminar 
p ate of tissues that separates the cavity of the archenteron from the 
cavity of the ammon. The growth of the embryo remains in abeyance ; 
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all the developmental energy is thrown into the upbuilding and expan- 
sion of the enveloping ectoderm or irophoblast, as Hubrecht named it 
in 1889, for he recognized that its chief function was to provide the 
embryo with the means of nourishment {rpocfios, a feeder). Thus in 
the earlier stages of development, while the embryonic rudiment remains 
in abeyance, the tissues that protect and nourish it grow and develop 
mth exceeding rapidity. Indeed, although the stage shown in Eig. 19 
is that reached about the 15th day, the embryo is still very little 
larger than the original o^nim. On the other hand the epithelium 
forming the trophoblast has become differentiated into : (a) a Basal 
Layer (Langhans’ cells) ; (5) masses of cells, which have undergone 
multiplication without separation : this formation is known as 
syncytium (Fig. 19). The syncytium is chiefly formed on that aspect 
of the developing ovum which is directly in contact with the wall of the 
uterus. It is remarkable not only for 'the imperfect separation of its 
cells, due probably to the rapidity of its growth, but also for the extra- 
ordinary power it exercises on the mucous membrane of the uterus. 
Processes of the sjmcytium burrow within the thickened and vascular 
mucous membrane in a systematic and regulated manner ; they absorb 
the tissue with which they come in contact, and lay open blood-vessels 
of the mucous membrane. The maternal blood escapes into spaces 
enclosed by the syncytial processes or into lacunae formed by the 
vacuolation of processes. No true villi are formed as yet. In certain 
[circumstances syncjrtial cells escape into the general circulation and 
form mahgnant growths. If the developing ovum be arrested in the 
Fallopian tube the syncytium, owing to the extreme thinness of the 
lining membrane, quickly eats its way into and through the wall of the 
• tube, y 

In Fig. 21 there is given, in a diagranunatic form, the stage of develop- 
ment reached about the end of the 3rd week. A very rapid growth sets 
in during this week ; the chorionic vesicle, which at the stage just 
described (Fig. 19) measured only 2 mm. in its longest diameter, has 
become five times that size — an object easily visible to the naked eye. 
Villi begin to grow out, at first simple finger-like processes of trophoblast ; 
they project into spaces or lacunae filled by maternal blood. The 
trophoblastic core of the processes becomes converted into angioblastic 
(mesodermal) tissue. Thus the chorion, besides its original lining of 
mesoderm, obtains an additional supply by a direct transformation of 
trophoblast (ectodermal in nature) into mesoderm. Towards the end 
of the 3rd week villi begin to branch. Blood-vessels and blood begin to 
form within the branched villi towards the end of the 3rd week, but a 
circulation from the heart is not initiated until early in the 4th week. 
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Thus, for the first three weeks the humun embryo depends on the 
endometrium for its supply of nutriment. 1 
By the end of the 3rd week the embryo is definitely represented by a 
plate or shield — the emhryotiic plate (Fig. 20)— composed of three 
layers of cells — an upper or ectodermal, forming a floor to the amniotio 


A/teneNTeROff 



rio 20. A Uumaa SmUryoolc Plate at ttae end of tUe 3rd week of development. It 
Is viewed from above saer the atnnlon has been removed. The length of this 
Umbtyoaic Plate was 0 0 mm. Clhompsoit and Brash ) 


vesicle ; a lower or endodermal, serving as a roof for the endodermic 
vesicle, and an intermediate layer of mesoderm (mesoblast) now in 
process of development. On the upper smrface of the flat embryonic 
plate, which at the end of the Stdweek has a total length of 1*5 mm., 
appears, in its hinder or caudal half, the primifitJe streak (Fig. 20). At 
the anterior end of the streak an important centre of growth and of 
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all tlie developmental energy is tlirovm into tLe upbuilding and expan- 
sion of tbe enveloping ectoderm or trophohlast, as Hubrecbt named it 
in 1889, for he recognized that its chief function was to provide the 
embryo with the means of nourishment {rpo^os, a feeder). Thus in 
the earlier stages of development, while the embryonic rudiment remains 
in abeyance, the tissues that protect and nourish it grow and develop 
with exceeding rapidity. Indeed, although the stage shown in Fig. 19 
is that reached about the 15th day, the embryo is still very httle 
larger than the original ovum. On the other hand the epitheUmn 
forming the trophohlast has become differentiated into : (a) a Basal 
Layer (Langhans’ cells) ; (6) masses of cells, which have undergone 
multiplication without separation : this formation is known as 
syncytium (Fig. 19). The syncytium is chiefly formed on that aspect 
of the developing ovum which is directly in contact with the wall of the 
uterus. It is remarkable not only for ‘the imperfect separation of its 
cells, due probably to the rapidity of its growth, but also for the extra- 
ordinary power it exercises on the mucous membrane of the uterus. 
Processes of the syncytium burrow within the thickened and vascular 
mucous membrane in a systematic and regulated manner ; they absorb 
the tissue with which they come in contact, and lay open blood-vessels 
of the mucous membrane. The maternal blood escapes into spaces 
enclosed by the syncytial processes or into lacunae formed by the 
vacuolation of processes. No true viUi are formed as yet. In certain 
[circumstances syncytial cells escape into the general circulation and 
form malignant growths. If the developing ovum be arrested in the 
Fallopian tube the syncytium, owing to the extreme thinness of the 
lining membrane, quickly eats its way into and through the wall of the 
'.tube. ,y 

In Fig. 21 there is given, in a diagrammatic form, the stage of develop- 
ment reached about the end of the 3rd week. A very rapid growth sets 
in during this week ; the chorionic vesicle, which at the stage just 
described (Fig. 19) measured only 2 mm. in its longest diameter, has 
become five times that size — an object easily visible to the naked eye. 
Villi begin to grow out, at first simple finger-like processes of trophohlast ; 
they project into spaces or lacunae filled by maternal blood. The 
trophoblastic core of the processes becomes converted into angioblastic 
(mesodermal) tissue. Thus the chorion, besides its origiaal lining of 
mesoderm, obtains an additional supply by a direct transformation of 
trophohlast (ectodermal in nature) into mesoderm. Towards the end 
of the 3rd week villi begin to branch. Blood-vessels and blood begin to 
form within the branched villi towards the end of the 3rd week, but a 
circulation from the heart is not initiated until early in the 4th week. 
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organization is coming into being [16]. The ectoderm at the anterior 
end of the streak grows rapidly and rises np into an elevation or node 
named the primitiije node^ the representative of the dorsal lip of the 
blastopore. 

The funnel-shaped pit at the cephalic end of the streak represents the 
anterior part of the blastopore ; the primitive (Hensen’s) node, its 
anterior or dorsal lip. A process from the node grows inward and 
forward on the roof of the archenteron. This ingrowth of ectoderm is 
known as the Head Process and plays a most important part in the 
development of the embryo [16]. The process becomes hollowed ; its 
floor opens, and thus a communication is established between the cavities 

NEURBNTERtC CMAL 



of the amnion and archenteron. This communication is known as the 
neurenteric canal (Fig. 21). The nature of the primitive streak and of 
the neurenteric canal we shall discuss later (see p. 50). The archenteric 
vesicle by the end of the 3rd week has also undergone a rapid growth, 
now measuring 2 mm. in diameter, and we can recognize in it (see Fig. 21) 
the be ginnin g of a division into two parts : the definitive, as contrasted 
-with the earlier or primitive, yolk sac — ^which vdll come to lie outside 
the embryo ; and a part which remains applied to the embryonic plate 
and will form the alimentary canal system-. The .part which will come 
■to lie vdthin the embryo already shows a division into three parts : a 
forward diverticulum— the rudiment of the foregut ; a posterior diverth 
culum-^the rudiment of the hind gut ; and an outgrowi^h of the hind gut 
—which represents the structure known as the allantois (Figs. 20 and 21). 
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cells along the iiicdiau dorsnl wall of the archenteron is separated as a tube 
to form the notochord (Fig. 24, A and H). Tliis chordal strip, although 
continuous with the archenteron is derived, as we shall see, from the 
ingrowing process at the anterior end of the primitive streak. Hound 
the notochord are developed the spinal column and the greater part of 
the base of the skull, (iii) Indications are to be seen of a separation of 
the archenteron into an intra-cmbryonic part, which will form the 
olmentary tracts and an extra-embryonic part, which becomes the yolk 
sac. (iV) The embryonic mesoderm, which, as we shall see in Chapter HI, 
arises as an ingrowth from the primitive streak, lies on each side of the 



A. Late In the 3ra week of development. JJ Late In the 4th ^\eck of development. 

The numbers are placed on conesponding: points - Ketoderm, shaded ; endoderm, 
black . tiiesodemi, stippled 

1 V-.*™ . • JJ Coelom, bounded by the somato- 

pleure externally and splanchno* 

, pleure Internally 

' . 8 Mesoderm on aranlun. 

u. ....... ... (». 10. ChonoD 

4. Paraxial mesoderm. II. Notochord 

5 Intermediate cell niau. l2. Archentecort 

notochord, and becomes divided into the following parts : (a) paraxial 
mesoderm (4, Fig. 24), from which tbe voluntary musculature, as well as 
other parts of the body system, arises ; (6) intermediate cell mass (5), 
in which the renal and genital organs are developed ; (c) somatic 
mesoderm, this layer with the cefoderm over it forms the somatoplcure, 
the outer wall of the coelom ; from the coelom arc developed the 
pericardium, pleura and peritoneum ; (d) the splanchnic mesoderm, 
which covers the intestine and yolk sac ; the splanchnic mesoderm and 
endoderm together form the splanchnopleure. (y) Indications can be 
seen of the division of the coelom into iatra- and extra-embryonic parts 
P P 3\hen tbe umbilicus contracts and closes, these two parts 
of tbe coelom are finally separated. It is also during the 4th week that 
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With the appearance of somites the human embryo manifests its 
vertebrate character. 

The human embryo shown in Fig. 23 exemplifies the great advance 
made during the 4th week. The medullary folds have fused along their 
crests and enclosed the neural plates to form a canal or tube ; the process 
of segmentation is spreading rapidly backwards ; the head and gill 
arches can now be recognized, and although the embryo measures as yet 
less than 3 mm. in length, the main parts of the adult body, saving the 
limbs, are clearly foreshadowed. 

We have reached the state of development exhibited by a human 



Fio. 23. Human Embryo 2-5 mm. long, towards the end of the 4th' week of develop- 
ment, (Professor Peter Thompson.) 

embryo at the end of the 4th week. We must now turn to some of the 
chief internal changes that have been taking place, and this can best 
be done by comparing a section across the flat embryonic plate of a 
pregnancy in the 3rd week of development with one from an embryo 
in the 4tli week. When such sections (Figs. 24, A and B) are compared 
the following changes will be noted : (i) A narrow plate of modified 
ectoderm or epiblast, stretching along what will be the median dorsal 
line of the body, becomes depressed, thus forming the floor of a groove ; 
the lateral margins of the groove rise up, meet together and fuse along 
the middle line. Out of the neural tube thus enclosed are developed the 
brain and spinal cord, (n) In a somewhat similar manner a strip of 
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when the waU of the yo\k sac hecame difierentiated. V7heii the coelomic 
ca\’ity is developed they migrate towards the genital ridges. There is 
nothing strange in such a migration, for it is a daily occurrence in the 
adult hody for lencocytes to he diav^ in crowds to a site of infection 
under an obscure attraction that is named chemiotactic. Although it 
is now generally agreed that primordial ova do arise in the early embryo 
as just described, it is also certain that ova continue to arise from the 
epithelium covering the ovary from birth onwards, but particularly at 
the period of puberty [18]. After the complete eradication of the testes 
of birds, new and fertile organs may be produced from the dorsal tissues 
of the abdomen. It was at one time believed that teratomata, tumours 



I'W. W. Uvts n»t ot Coeloialc cavity of a Human Emfeiyo 

in the 5th week o( development, showtsKibe povHlon of the Genital lUdges In which 
the Ovary or Testicle Is formed. 

made up of aberrant* cmbtyological tissues, might arise from primordial 
ova that had gone astray. This theory is now discarded. 

Determination of Sex. — Amongst the chromosomes of the nucleus there 
is a pair that is believed to be directly connected with the determina- 
tion of sex. In the female nucleus they are known as the x-® pair ; in 
the male, as the x-y pair. At' their reduction spermatozoa may retain 
cither the x or the y member of the pair. Half of them retain the x 
chromosome and may be called ” female-producers ” — for when the 
male pronuclcua adds its x to the x of the pronucleus of the ovum, the 
X'X or female pair will result. Half of the spermatozoa retain the y 
chromosome and are “ male-producers” ; when united with the ovum, 
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tlie paraxial mesoderm becomes separated into primitive segments, or 
somites, formerly known as protovertebrae. In tbe embryo shown in 
Fig. 23, 23 pairs are already separated. 

In Fig. 25 is represented the fully differentiated human embryo — a 
stage of development reached about the end of the 5th week. From 
crown to rump the embryo about this time measures 5 mm. (1/5 of 
an inch). The buds of the upper and lower extremities have now 
appeared ; segmentation has reached almost to the tip of the tail, there 
being 3 occipital and 35 body somites, the last representing the 6th 
coccygeal or caudal. The mouth is becoming apparent ; so are the eyes 
and nose ; the gill arches, four of which are apparent in the neck, have 



Fia. 25. Showing a Human Embryo, 5 mm. in length, at the end of the 5th week of 
development. (After Keibel and Mall.) 


reached their highest development ; a blood circulation is now fully 
established, the body stalk having been transformed into the umbilical 
cord.' The yolk sac is now joined to the embryonic gut by a long narrow 
duct — the viteUo-intestinal duct (Fig. 25). 

Origin o£ Ova and Spermatozoa.— Towards the end of the stage just 
described, the genital ridges arise from the intermediate ceU mass and 
project into the coelom, one at each side of the root of the mesentery 
(Fig. 26). The mesothelial cells that line the coelom assume a columnar 
form at the root of the mesentery and over the genital ridges ; between 
these cells appear primitive germ-cells (primordial ova), characterized!'' 
by their large size and reaction to certain ataii^. Hitherto it has been 
assumed that the germ cells arose from the mesothelial columnar cells 
that cover the ridge. Beard, during a prolonged and accurate investi- 
gation of the development of fishes, especially of the skate, discovered 
that the germinal cells were not formed in the genital ridges but appeared 
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Contrib. Emh., 1942, 30, 87. The obscrvatioM tliat led to the discover^' of the 
secretions or hormones formed in the corpora lutoa hare been summarized by 
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while the ovum is in the tube and about to bo fertilized. See Hamilton, W. J., 
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made by • ’ • <■ < ’ . p • . • -.v * ‘ ‘ . 1 

volume oi ’ . 

in culture . . ' . . . . ' 

segmentation of the rabbit ovum has been described by G. G. Pincus, Proc. R<^. S(x.’, 
1930, 107, 132 ; for respiratory exchange durii^ Segmentation, see Biochemistry 
and Morphogenesis, by J. Needham, 1942. 

My account of the development of the blastocyst of the rhesus monkey is based 
of Heuser and Streeter, published in Contributions to Embryology, 


[14] Dr. Streeter announced the discovery of these two earlv embryos in the 
Washington, 1939, p. 147. With these 
.Uv nf IiMtitution acquired the blastocyst of a chimpanzee in the lltb 

the human earliest stage of anthropoid development known. Like 
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the x-y or male pair is produced. The determination of sex by chromo- 
somes is not absolute ; as we shall see (p. 67), the sex of an individual 
may be reversed in the course of development ; occasionally both sex 
elements may co-exist in the same individual. 

Thus in the space of 5 weeks the cycle that produces new human 
seed from the old is accomplished and all the parts of a new human 
body are laid down in outline. In these 5 weeks the fertilized ovum has 
given rise to (t) germ cells that are endowed with the combined pro- 
perties of the ovum and spermatozoon from which they were produced ; 
(w) an embryo in which these cells are nourished and protected; 
[Hi) membranes by which the embryo is protected and nourished during 
intra-uterine life. 

Having thus followed the chief developmental changes of the ovum, 
and seen how the embryo, the membranes and the reproductive cells 
are differentiated, we shall review in the next chapter the manner in 
which the ovum establishes itself in the cavity of the uterus and, for 
the space of 9 months, passes a parasitic life there. 


Notes and References 

[1] See note on descent of testicle, p. 663. 

[2] When the fimbriated end of the Fallopian tube is exposed in operations on 
the pelvis it is seldom found closely approximated to the ovary. Nevertheless it 
is probable that it is closely applied during the act of ovulation. 

[3] For recent literature on the maturation, shedding and size of the human 
ovum, see Hamilton, W. J., Jour. Anai.i 1944, 78, 1 ; SimkmB, C. S., Amer. Jour. 
Anat., 1932, 51, 465 (treats of the human ovary from birth to maturity) ; de 
Thanhoffer, L., Zeitsch. /. Anat. u. Entwick., 1934, 102, 402 ; Evans and Swezy, 
Amer. Jour. Physiol., 1931, 96, 628 ; BOil, Allen and Kramer, Anat. Pec., 1935, 
63, 239 (a film of the ripening and expulsion of the ovum^f a rabbit). 

[4] For evidence of the disappearance of early foetal ova, see Forbes, T. R., 
Contrib. Emb., 1942, 30, 11 ; Stein and Allen, Anat. Pec., 1942, 82, 1 ; the primary 
incursions carry ova to the medulla of the ovary, thus resembling the early incursions 
of the male gland, 

[5] See Comer, G. W., Yearbook of Carnegie Instit., 1944, p. 90 ; Time of 
Ovulation in Women, by C- G. Hartman, 1936. In Macacus rhesus, which is human 
in the length of its menstrual cycle, ovulation occurs between the 9th and 18th 
days (Hartman, C, G., Contrib. Emb., 1932, 23, 1 ) ; see also Zuckerman and Parkes, 
Proc. Zool. Soc. Lond., 1932, 141. 

In most mammals ovulation occurs during the period of heat, rut or oestrus, 
which may be accompanied by a uterine discharge. Such discharge cannot 
correspond to the menstrual flow, for it occurs in the inter-ovulary period. Oestrus 
in monkeys and apes of the Old World is made manifest by swelling and oedema 
of the external sexual parts. 

[6] In Macacus rhesus the corpus luteum is fully developed 8 days after ovula- 
tion ; if there is no pregnancy it passes into a state of degeneration before the 13th 
day ; if pregnancy occurs it persists, assuming the “ pregnancy ” form after'the 19th 
day and reaches its maximum development by the 24th day. See Corner, G. W., 
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Contrib. Emb., 1942, 30, 87. The ohservations that led to the discovery of the 
Becretions or hormones formed in the corpora, lutea have been Bummarized by 
Dr. Comer in the Trans. Obslef. Soc. Edin., 1937, p. 61. 

[7] For a statement of our knowledge of the functional relationships between 
pituitary and ovary, see Hartman^ C. G., Contrib. Emb., 1942, 30, 113 ; Thompson 

~ ■ • - ffcid., 1937, 

e Gros and 
^ AUen, E., 

1932 ; Di'eiiier, C. A., Amer. Jour. Anat.,'l93G, 58, 195 ; Billiter, Q. A., ibid., 1936, 
60, S57 ; Saxton and Loeb, Anoi. Sec., 1937, 69, 261 ; Gatz, A. J., i6td., 1938, 
70, 619 ; Clarke, Albert and Selye, thtd., 1943, 83, 449. For chemistry of gonado- 
trophic hormones, see Freud, J., Nature, 1938, 141, 1014 ; Needham, J., .Bio- 
ckmistry and Morphogenesis, 1942, p. 176. 

[8] For movements of spermatozoa and their survival in uterus, see Alann, T., 
iVttfure, 1945, 156, 80 ; Phillips and Andrews, Anat. Bee,, 1937, 78, 127 ; Parkes, 
G. H., Phil. Trans., 1931, 219 (B), 381. 

[9] It is now agreed that in mammals the first polar body is separated before 
the ovum is shed from its follicle, and that the second polar body is separated 
while the ovum is in the tuba and about to be fertilized. See Hamilton, W. J., 
Jcfur, Anat., 1944, 78, 1 ; Flynn, T. T., and Hill, J. P., Trans. Zool. Soc. Land., 
1933, 24, 446 (ova of Monotremes). For size of pronuclei, see Mainland, D., 
Jmr. Anat., 1930, 64, 262 ; Hamilton, W. J., ibid., 1936, 70, 429. 

[10] For recent literature on chromosomes see Darlington, C. D., The Evolution 
of the Oenetie System, 1939 ; Nature, 1943, 149, 66 (on chemistry of chromosomes) ; 
Waddington, C. H., An Introduction to Modem Genetics, 1939 ; Organisers and 
Oents, 1940 ; Goldschmidt, H., Phystolcgical Genetics, 1938 ; Haldane, J. B. S., 
Nature, 1936, 187, 398 ; KoUer, P. C., Proc. Roy. Soc. Edin., 1037, 47, 194 (for 
sex chromosomes) j de Winiwarter, H., Archiv. Bid., 1938, 49, 111 j Cowdry, 
E. V., Text Book of Histology, 1935; Roberts, J. A. Frazer. An Introduction to 
Medical Genetics, 1940. 

[11] For structure and formation of spermatozoa, see Human Embryology, 

83 Moasman, 1945, p. 7 ; Froriep, E,, Anal. Am., 1936, 

[12] Spermatozoa are anaerobic if kept in a medium containing glucose ; see 
Mann, T., Nature, 1945,.156, SO. 

[13] For an account of 'the cleavage of the macaque ovum, see Lewis and 
Hartman, Contrib. Emb., 1933, 24, 1&7 Wiatoekv and. Streeter, 1938. 27, 1 

alter the Sth day) ; researches into the embryology of the rhesus monkey, 
made by workers of the Carnegie Institution, Washington, were issued in a special 
yo ume of Contributions to Embryology in 1941 ; human ova have been kept alive 
m culture medium by W. H. Lewis (BuU. JtAns Hopkins Hosp., 1931, 48, 368) ; 

has been described by G. G. Pincus, Proc. Roy. Soc., 
J ir . respiratory exchange during segmentation, see Biochemistry 

and Morphogenesis, by J. Needham, 1942. o <= • y 
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the early human blastocysts have been published by Hertig, A. T., and Rock, J.» 
in Oontrih. Etnb., 1941, 29^ 127 ; 1945, 31 » 65. Heuser, Rock and Hertig, Gontrib, 
Emh., 1945, 31 , 85 (two embryos showing early stage of definite yolk sac). 
See also Hertig, A. T., in Gontrib. Emh., 1935, 25 , 37. Hertig and Rock, Anat. 
Bee., 1946, 94 , 469 (an account of a four-day human blastula). Dr. G. W. Comer 
reported in the Year Book of the Carnegie Institution (Washington, 1943, p. 107) 
that the Institution had then at its disposal seven human blastocj^sts between the 
7th and 12th days of development. Prof. Pi Davies has published a preliminary 
account of one in the 10th day {Nature, 1944, 153 , 463). 

[16] Accounts of human embryos in the • 3rd week of development, in the 
presomite stage, have been published recently by : Odgers, P. N. B., Joan AnaU, 
1941, 75 , 381 ; Johnston, T. B., ibid., 1941, 75 , 1, 163 ; George, W. C., Gontrib. 
Emh., 1942, 30 , 3 ; Gladstone and Hamilton, Jour. Anat,, 1942, 187 , 9 ; Plorian 
and Hill, ibid., 1935, 69 , 399 ; Heuser, C. H., Gontrib. Emh., 1932, 253 ; Kindred, 

J. E., Amer. Jour. Anat., 1933, 53 , 221 ; Ramsey, Eliz. M., Conlrib. Emh., 1937, 
26 , 101 ; Martin and Palkner, Amer. Jour. Anat., 1938, 63 , ^61 ; Shaiier, R. P., 
Canadian Jour. Research, 1945, 23 , 235. 

Accounts of human blastocysts late in the 2nd or early in the 8td week have 
been published by : Hfertig, A. T,, and Rbck, Ji, Amer. JoUf. Obsteti and Gyn.-, 
1944, 47 , 149 (seven early human blastocysts are compared ) ; Wlslocki and 
Streeter, Gontrib. Emh., 1938, 27j 1 (comparison of htiihan artd macaque blastocysts); 
Brewer, J. L., Amer. Jour. Anat., 1937, 61 , 429 ; Stieve, H., Zelisch. Microskay, 
Anat. Forsch., 1936, 40 , 281 ; Dible and West, .Tour. Andt.i 1941, 75 , 269i 

[16] Por literature on the primitive (Hensen’s) node and formation of head 
process, see Porian and Hill, Jour. Anat,, 1936, 69 , 399 ; Heuser, C, H*, Gontrib. 
Emb., 1932, 23, 253 ; Kindred, J. E., Atner. Jour. Anat., 1933, 53, 321 ; Wadding- 
ton, C. H., Phil. Trans., 1932, 221 (B), 179 } Assheton, R., Quart. Jour. Mic. Sc., 
1909, 54, 221. 

[17] Dr. Gi ii. Streeter * has done a Signal service to embryologists by collating 
all data relating to human embryos undergoing the process of segmentation (4th 
week), Gontrib. Emh., 1942, 30, 213. Specimens have been recently described by : 
Orts Llorca, Zeitsch. f. Anat, u. Entwich., 1934, 103, 765 (4 somites) ; Boyd and 
Baxter, Jour. Anat., 1938, 72, 624 (10 somites) ; West, C. M., ibid., 1937, 7l, 
169 (25 somites). For variability of human embryos, see Grosser, O., Zeitsch. f 
Morph., 1934, 34, 108. 

[18] Por bterature on the origin and segregation of ova, see Forbes, T. B<, 
Gontrib. Enh., 1942, 30, 11 ; Stein and Allen, Anat. Rec., 1942, 82, 1 ; Hooker 
and Cu nnin gham, ibid., 1938, 72, 37l (re-formation of testes of birds from peri- 
toneal epithelium) ; Hamlett, C. W. D., ibid., 1934, 61, 273 ; Politzer, G., Zeitsch. 
f. Anat. u. Enlwick., 1933, 100, 331 ; Willief, B. %, Anat. Rec., 1938, 70, 89 
(in chick embryos) ; Murotori, G., Gontrib. Errib., 1937, 26, 61 (culture of germ 
cells). 


* Dr. Streeter, lovable and able, died suddenly in the autumn of 1948 .at the age of 75. 



CHAPTER II 


^ THE MANNER IN WHICH A CONNECTION IS 
ESTABLISHED BETWEEN THE FOETUS AND UTERUS 

The Menstrual Cycle. — ^From puberty to menopause the sexual 
system of every woman passes through a recurring cycle of changes, 
each cycle lasting — according to the individual and her state of health — 
from 25 to 35 days, with a mean of 28. Cycles arc timed and controlled 
by hormones secreted in the pituitary — gonadotrophic hormones, they are 
named. Clinicians date each cycle from the first day of menstruation, 
as this is the only event that has a definite outward manifestation. 
Each cycle may be divided into three phases. The first phase, which 
we may name the menstrual or destructive, lasts about 4 days ; then 
follows the second or /oWicu^ar phase, which extends to about the 16th 
day, when ovulation is due. During this phase a Graafian follicle is 
ripening in an ovary, while the mucous membrane (endometrium) of 
the uterus, having repaired the menstrual loss, is beginning to hyper- 
trophy. In the phase just described the ovary and uterus are under 
the influence of a hormone formed in the ovarian follicle— ocstrin. In 
the 3rd or luteal phase another hormone (progesterone) begins to affect 
both ovary and uterus. Progesterone, formed in the corpus luteum of 
an ovary, induces further growth in the endometrium with other changes 
in cervix and vagina. The luteal phase lasts from the day of ovulation 
to that in which menstruation recurs, n period that is usually one of 
13 days. In the luteal phase both hormones are in circulation and arc 
opcr<ative, but the luteal influence gradually becomes dominant. If 
impregnation does not occur, then a point is reached when the follicular 
hormone falls below a certain level, and at this point menstruation again 
sets in [1]. 

The Decidua. — As we have seen, the developing ovum reaches the 
carity of the uterus about the 7th day, and on the 8th begins to embed 
Itself. It finds the endometrium at the height of its luteal phase and 
prepared for its reception. To this hypertrophied state of the endo- 
n^trium the name decidua is given.. The decidu a, which in the follicular 
n ~ - . - the luteal phase to a 

. localized mechanical 
i layers or strata are recognized in the decidua: a 

era or compact layer in which the contracted mouths of the uterine 
■ 31 
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the early human blastocysts have been publishe d by Hertig, A. T., and Rock, J., 
in Oontrib. Emb., 1911, 29, 127 ; 1945, 31, 65. Heuser, Rock and Hertig, Gmirib. 
Emb., 1945, 31, 85 {Wo embryos shonlng early stage of definite yolk sac). 
See also Hertig, A. T., in Gontrib. Emb., 1935, 25, 37. Hertig and Rock, Anai. 
Eec., 1946, 94, 469 (an account of a four-day human blastula). Dr. G. W. Corner 
reported in the Year Book of the. Gamegie Institution (^Vashihgton, 1943, p. 107) 
that the Institution had then at its disposal seven hmnan blastocysts between the 
7th and 12th days of development. Prof. F. Davies has published a prelifninaiy 
account of one in the 10th day {Nature, 1944, 153, 463). 

[15] Accounts of human embryos in the- 3rd week of development, in the 

presomite stage, have been published recently by : Odgers, P. N. B., Jour, Anal., 
1941, 75, 381 ; Johnston, T. B., ibid., 1941, 75, 1, 153 ; George, Wj C., Gontrib. 
Emb., 1942, 30, 3 ; Gladstone and Hamilton, Jour, Anat., 1942, 187, 9 ; Florian 
and Hill) ibid., 1935, 69, 399 ; Heuser, C. H., Gontrib. Emb., 1932, 253 ; Kindred, 

J. E., Amer. Jour. Anat., 1933, 53, 221 ; Ramsey, Eliz. il., Gohifib. Emb., l037, 
26, 101 ; Martin and Falkner, Amer. Jour. Anal,, 1938, 63, 251 ; Shaner, R. F., 
Ganadian Jour. Research, 1945, 23, 235. 

Accounts of human blastocysts late in the 2nd or early in the 3rd week have 
been published by: Hertig, A. T,, and Rock, J,, Amer, Jour. ObsteU and Gyn.-, 
1944, 47, 149 (seven early hmnan blastocysts are conipared) ; Wisloeki and 
Streeter, Gontrib. Emb., 1938, 27j 1 (comparison of human and macaque blastocysts); 
Brewer, J. L., Amer. Jour. Anat., 1937, 61, 429 ; Stieve, Hi, Zelisch. Microskop, 
Anat. Forsdi., 1936, 40, 281 ; Dible and West, Jour. Anat., 1941, 76} 269* 

[16] For literature on the primitive (Hensen’s) node and formation of head 
process, see Forian and Hill, Jour. Ariat., 1935, 69, 399 ; Heuser, C, S.,, Gontrib. 
Emb., 1932, 23, 253 ; Kindr^ J. E., Amer. Jour. Anat., 1933, 53, 321 ; Wadding' 
ton, 0. H., Phil. Trans., 1932, 221 (B), 179 ; Assheton, B., Quart. Jour, Mic. Sc., 
1909, 54, 221. 

[17] Dr. G. L. Streeter * has done a signal service to embryologists by collating 
all data relating to hmnan embryos undergoing the process of segmentation (4th 
week), Gontrib. Emb., 1942, 30, 213. Specimens have been recently described by : 
Orts Llorca, Zeitsdh. f. Anat, u. Entwiek., 1934, 103, 785 (4 somites) ; Boyd and 
Baxter, Jour. Anat., 1938, 72, 624 (10 somites); West, C. M., ibid., 1937, 7li 
169 (25 somites). For variability of human embryos, see Grosser, O., Zeitsdh. /• 
Morph., 1934, 34, 108. 

[18] For literature on the origin and segregation of ova, see Forbes, T. B., 
Oontrib. Emb., 1942, 30, 11 ; Stein and Allen, Anat. Rec., 1942, 82, 1 ; Hooker 
and Cunningham, ibid., 1938, 72, 371 (re-formation of testes of buds fix»m peri- 
tofaeal epithelium) ; Hamlett, C. W. D., ibid., 1934, 61, 273 ; Politer, G., Zeitsch. 
f. Anal. u. Enlwick., 1933, 100, 331 ; Willier, B. JH., Anal, Rec., 1938, 70, 89 
(in chick embryos) ; Murotori, G., Gontrib. Emb., 1937, 26, 61 (culture of germ 
cells). 

* Dr. Streeter, lovable and able, died suddenly in the autumn of 1948 at the age of 75. 
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The inner cell mass, from which, the embryo will arise, projects within 
the cavity and is protected by the enveloping layer or trophoblast of 
the blastocyst, the whole ovum measuring about 0-25 mm . in diameter. 
Implantation usually takes place on the posterior wall of the cavity near 
the fundus of the uterus, but it may occur anywhere, that form being 
especially dangerous in which implantation occurs in the neighbourhood 
of the internal mouth of the cervix. The area of the trophoblast in 
contact with the decidua grows rapidly and throws of! proliferating 
masses of syncytium (Fig. 19, p. 19), which burrow' into the decidua, 

decidua vera 



Flo. 23. S«ctioa of the uterus ihoninR in adUgrammaticmaDDei the Embedded Ovum 
and the differenUatton of the l>ccldiia Into Ihtce Patts. 

thus embedding and anchoring the blastocyst and, by tbc absorption 
of the decidual tissue, providing nourfehmeut for it. The blastocyst 
is peculiar in man and the anthropoids in that it becomes completely 
buried in the decidua. The parts of the decidua arc thus distinguished : 
(i) the decidua scrotina or basalts, the part to which the ovum ultimately 
becomes attached and into which the processes of syncytium grow 
the decidua capsularis or rejlexa, the part that covers 
’V ^ stretched as the ovum gtow’s ; (tn) the decidua vera, 

os utenw. The decidua vera ends at the internal 

the cervix producing no true decidual layer. With 

the dccidua°ve ^ decidua refiexa is brought in con{act with 

2 ra. y month they have fused together, become 
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. . 

glands end ; ' a tliick intermediate or spongy layer containing irregular 
dilatations and elongations of the Imnina of the glands •/'^'Ijottom or basal 
layer, -which abuts on the inner muscular coat of the uterus. In the 
decidual state all three constituents of the endometrium, glands, vess^s 
and interglandular, are altered. The glands become elongated, branched 
and hypertrophied ; in many mammals their secretion affords pabulum 
for the early embryo, but in man and anthropoids this supply has been 
rendered unnecessary by the early and profuse development of tropho- 
blast. Certain cells of the interglandular stroma, especially in the 
compact stratum that imderlies the epithelium, assume an epithelioid 
appearance, -with relatively large cell bodies. These are known as 



Fig, 27. Three stages ia the implantation of the Human Ovum as represented by the 

late Prof. J. H. Teacher. 

A. The blastocyst begiiming to penetrate the mucous membrane of the uterus, the pole 
with the inner ceU mass leading. The blastocyst is about 0-2 mm. in diameter 
and about the 7th day of development. 

JB. The blastocyst has become embedded in the decidua and the aperture of entry closed. 

About the 8th day. 

C. The blastocyst towards the end of the 2nd week. 

a. Cavity of uterus ; 6, uterine ^ands ; c, cavity of blastocyst ; d, inner cell mass ; 
e, point of entry ; /, enclosing trophoblast ; ff, cavity of amnion ; h, cavity of 
archenteron fc, trophoblast and syncytium ; x, x decidua. ' 

decidual cells and fall a prey to the invading -trophoblast. The chief 
change, however, is that sho-wn by the vascular constituents. Fine 
arteries, which ascend between the glands from the basal layer to-wards 
the compact stratum, have become elongated and coiled. The capiUary 
network, lying in and under the compact layer, in which the coiled 
arteries terminate, undergoes so great a dilatation that they form sinus- 
like venous channels. In these venous simises, stasis of the blood takes 
place ; there is interglandular oedema with an invasion of leucocytes. 
On penetratiug the surface epithelium, the developing o-vum finds 
awaitiug it a free supply of nourishment in the decidua. . 

Implantation of the Ovum. — ^When the fertilized o-vum reaches the 
ca-vdty of the uterus it has already attained the blastocyst form (Fig. 27). 
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'must examine the structures in the lower vertebrates from which the 
allantois has been evolved. These parts arc represented in Fig. 31 — 
depicting a condition found in amphibia. The rectum and also the ducts 
of the testes — the two Wolffian ducts — end in a terminal passage — the 
cloaca. Ah expansion or diverticulum of the cloaca has been established 
as a receptacnlmn for urine — ^theWaddet. The blood supply is peculiar. 
A large vein passes along the inner aspect of the ventral wall of the belly, 
draining the blood from the bladder and from the ventral wall of the 
belly, as well as from the hind-limbs, and ending with the vein from the 
bowels and stomach in the portal system of the liver. Originally this 
yentral abdominal vein is double, there being a right and left vein, which 
^convey the blood of the bladder and of the ventral wall (but not that 
of the limbs — ^the connection of the femoral veins is secondary) direct 
to the heart. The arteries that supply the bladder and ventral wall 



vem'raf wall oj abdomen 

i 10. 31. The Cloaca. Bladder and Abdominal Veu of a frog. 

spring from the common iliac arteries — these latter vessels representmg 
direct continuati 9 n of the right and left primitive aortac. Ifj then, the 
allantois represents a precocious outgrowth from the apical region of the 
bladder and the chorion and amnion enormous and premature expansions 
from the ventral belly wall, we expect that their arteries should arise 
from the hinder ends of the embryomc aortae and their veins pass 
forwards on the body wall to terminate at first in the heart and after- 
wards in the liver. That is exactly what we do find, as may be seen from 
’a reference to Fig. 29. 

j To see the allantois in its complete form one must examine the develop- 
ling chick embryo (Fig. 32). The young of animals that are developed 
,within*a shell need a receptaculum for the secretion from their kidneys ; 

reason alone one can understand the expansion of the embryonic 
bladder. But even in the chick its use as a store place for urinary 
\cxcretiop has become of minor importance ; it is the mesodermal 
tissue clothmg the bladder that has become the important element : 
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vitello -intestinal duct. Very soon after tliis, the duct closes and atrophies, 
but the sac itself continues to grow until it reaches a diameter of 4 or 
5 mm. Its further history we shall examine later (p, 411), but here we 
may state that when the umbilical cord is fashioned the remains of the 

chorion 



vitello-intestinal duct are enclosed within it, while the sac itself will be 
found at or near the placental end of the cord. In Eig. 30 is shown a 
section across a small part of the wall of the yolk sac to illustrate the 
manner in which embryonic blood corpuscles (erythrocytes or erythro- 



FlQ. 30. Section across the wall of the Yolk Sac, showing blood-vessels and erythrocytes 
or erythroblasts forming in its mesoblastic laj’er. (After Selenka.) 


blasts) and blood-vessels are formed in the mesodermal stratum of its 
wall. The lining endoderm also gives rise to glandular structures. 

The Allantois. — ^The allantois appears during the 3rd week of develop- 
ment of the human embryo as an outgrowth from the hinder end of the 
archenteron or primitive gut cavity. To understand its true nature we 
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represents diagrammatic sections across cEick embryos, the origin of the 
enveloping membranes is set out in a pictorial form. The somatopleure 
or body wall is seen to arise as a fold at each side of the embryo and 
mounting upwards ultimately to meet and fuse along the median dorsal 
line. The inner fold separates from the outer and forms the amnion ; 
the outer remains as a membrane enveloping the embryo, amnion, yolk 
sac and allantois and is the basis of the chorion — the prechorion it is 
named in the chick. From the diagrams one would infer that the greater 
part of the chick’s body wall was folded off to form the enveloping 
membranes, but when we remember that the yolk sac represents a 



Fio. S3. lUustratlnK the loanoer In vlilcb the Chorion end Amnion arise in the Chick 
Embryo from folds of the Somatopleure — the l^y-wall of the Embryo In A , the 
folds are seen In the act of eroutng upwards to corer the embryo; in they ha%e 
met OTer the embryo. 

premature but enormous development of a localized part of the bowel, 
we may justly conclude that the enveloping part of the somatopleure 
represents a limited area of the ventral part of the abdominal wall— the 
part drained by the ventral abdominal vein — which has become greatly 
expanded. The assignation of part of the somatopleure to form the 
enveloping membranes involves no sacrifice of muscle or nerve in the 
belly wall of the embryo ; we shall see that these elements invade the 
somatopleure long after the membranes have become separated from the 
body of the embryo. Only two elements of the belly wall have been 
utilized in the formation of the amnion and chorion : (t) the epithelial 
or ectodermal covering of the skin, which becomes the trophobla’st ; 
{*0 the mcsodermalelement, which ^ves rise to connective tissue, blood- 
vessels and blood cells. The villi of the chorion represent enormously 
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it has grown exceedingly rich in vascular tissue. As the allantois 
expands in the developing chick its vascular surface becomes applied 
to the inner aspect of the chorion, through which it can absorb 
oxygen and discharge carbon dioxide. The apical part of the bladder 
has thus become converted into a “ foetal lung,” but its vessels are those 
we have just noted in the ventral area of the frog ; its arteries — ^the 
umbilical arteries — appear to be direct continuations of the two aortae, 
and its veins — ^the umbilical veins — ^pass to the heart and afterwards 
to the liver, just as in the frog. 

-- In the human embryo, as is the case in all developing primates, the 
cavity of the allantois is never represented by more than a" tubular 
outgrowth into the body stalk (see Figs. 20, 21 and 29), and even this 
degenerates very soon. The human embryo has no need for a bladder, 
as luinary excretion can be discharged into the maternal circulation as 
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FIG. 32. The primitive form of the Allantois. (After Turner.) 


soon as the placental circulation is established. It is otherwise with the 
mesodermal covering of the allantois ; we shall see that this element, 
which has become amalgamated with the enclosmg trophoblastic wall, 
takes the chief part in the vascularization of the chorion. In Fig. 29 
it will be seen that the umbilical vein is connected with the vascular 
system of the yolk sac at the root of the allantoic diverticulum. We may 
regard the allantoic circulation as an enormous expansion from the more 
primitive circulation of the archenteron.-^' 

Evolution oi the Amnion and Chorion.— If our loiowledge were con- 
fined to the highly specialized processes that give rise to the amnion 
and chorion, the enveloping membranes of the human embryo, it would 
be almost impossible for us to guess that these structures represent, in 
reality, folds of the embryo’s own belly wall. They come into existence 
before even the embryo itself is apparent. Their very humble but 
marvellous origin is illuminated when we examine the manner in which 
they arise in reptiles, birds and the lowest mammals. In Fig. 33, which 
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represents diagrammatic sections across chick embryos, the origin of the 
enveloping membranes is set out in a pictorial form. The somatopleure 
or body wall is seen to arise as a fold at each side of the embryo and 
mounting tipwards ultimately to meet and fuse along the median dorsal 
line. The inner fold separates from the outer and forms the amnion ; 
the outer remains as a membrane enveloping the embryo, amnion, yolk 
sac and allantois and is the basis of the chorion — the prechorioii it is 
named in the chick. From the diagrams one would infer that the greater 
part of the chick’s body wall was folded ofT to form the enveloping 
membranes, but when wo remember that the yolk sac reprosents a 



FlQ S3. lUiutratlng the manner la uhlcb the Chorion and Amnion aiUe In the Chick 
Emhryo from folds of the Somatopleure — the body -well of the Embryo In it, the 
folds are teen la the act of groning upwards to co^er the embrjo ; in if, they have 
met over the embryo 

premattire but enormous development of a localized part of the bowel, 
we may justly conclude that the enveloping part of the somatopleure 
represents a limited area of the ventral part of the abdominal wall — the 
part drained by the ventral abdominal vein — which has become greatly 
expanded. The assignation of part of the somatopleure to form the 
enveloping membranes involves no sacrifice of muscle or nerve in the 
belly wall of the embryo ; we shall see that these elements invade the 
somatopleure long after the membranes have become separated from the 
body of the embryo. Only two elements of the belly wall have been 
utilised in the formation of the amnion and chorion : (t) the epithelial 
or ectodermal coveting of the skin, which becomes the trophoblast ; 
{it) the mesodermal element, which pv^ rise to connective tissue, blood- 
■'^‘“ssels and blood cells. The villi of the chorion represent enormously 
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overgrown villi of the cutis or true skin. Prof. J. P. Hill lias demon- 
strated that in the developing marsupial ovum, when only 3 cell divisions 
have occurred and only 16 or fewer cells are formed, those which are to 
give rise to the epithelial covering of the chorion and amnion can be 
distinguished from the smaller number which is to form the embryo. 
In the human o\Tim it is also so ; we have seen that the epithelial cover- 
ing of the chorion — the trophoblast — ^is the first structure to be differenti- 
ated in the development of the blastocyst. In prehistoric times 
primitive man required no scaffolding or machinery to build his rude hut ; 
in great modern buildings extensive scaffolding and elaborate machines 
have to be erected before ever building has begun. The chorion and 
amnion are the scaffolding thrown up for the development of the higher 
vertebrates, and they were evolved out of simple parts of the belly wall. 

The amnion, which contains a fluid in which the embryo floats and 
thus has its very delicate growing tissues equally supported on all sides, 
is not required in the development of fishes or amphibians ; their eggs 
are hatched in water and the larvae live in water and have therefore no 
need of an amnion. This structure became necessary when the ancestry 
of the higher vertebrates took to a life on land. To allow their young to 
develop in the ancestral medium the amnion was evolved from a duph- 
cature of the embryo’s body wall. Having thus given a clue to the 
evolutionary history of these marvels of adaptation — ^the amnion and 
chorion — ^we return to note stages by which the placenta is produced 
from the chorion and a foetal circulation established [6]. 

Chorionic Villi. — The origin of the chorion from a combination of two 
elements — ^the trophoblast (enveloping layer of ectoderm) and an inner 
stratum that represents somatic mesoderm — ^has been already traced 
(p. 18). The division of the trophoblast into a basal layer and s 5 Ticytium 
was also mentioned. As soon as the ovum is embedded in the decidua, 
processes of sjmcytium invade not only the basal but also the reflected 
or capsular part (Fig. 27). Villi, containing a core of mesoderm and a 
covering of the basal layer of chorionic epithelium, grow out into the 
syncytial masses (Fig. 34). The villi, at first simple processes, begin to 
divide and re-divide in the 3rd week ; in the 4th, they beconie branched, 
and by the 30th day they are tree-like and fully formed. Hertwig [5] 
observed that the mesodermal core of villi may arise in situ by a direct 
transformation of the trophoblast. During the 3rd week the meso- 
dermal tissue of the chorion, particularly of its villi, becomes the site 
of active formation of blood-vessels, blood cells being developed within 
the vascular lumina [5]. Similar formations are taking place in the 
body stalk, in the wall of the yolk sac and also in the embryo itself, 
so that by the middle of the 4th week a tubular heart, dorsal aortae, 
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vitelline and umbilical veins communicating wth a great capillary 
network have been laid down (Fig. 29, p. 26). By the end of the 
4th week a circulation of blood has been established in the chorion. 
Direct prolongations of the two dorsal aortac now extend through 
the body-stalk to the chorion— these extensions forming the umbilical 
arteries. The umbilical veins cany the blood from the chorion through 
the body-stalk to the embryonic heart. Through the chorionic circula- 
tion the embryo is nourished. 

Formation of Placental Blood Spaces. — The decidual nutriment only 
affords a temporary supply. The maternal circulation is opened and 
placed at the scr^'icc of the embryo in the following manner. As the 
blastocyst penetrates the decidua, its outer covenng of trophoblast gives 



rise to massed broods of cells — the syncytium — which demolish the sur- 
rounding decidual tissues and thus expand the space needed by the 
blastocyst (Fig. 27, C). The ^meytium as it expands lays open minute 
vascular channels — both arterial and venous — and thus the maternal 
blood escapes into syncytial spaces ; the blastocyst thus grafts itself 
on the maternal circulation. In the 3 r 1 week villi begin to grow out 
from the outer w’all or chorion into the syncytial masses. The masses 
of syncytium between the main villi break down and thus large spaces 
are formed into which the decidual vessels, which were enclosed by the 
5ync3rtium, freely open (Figs. 27, 34). Through these spaces the 
maternal blood circulates, supplied by the uterine arteries and carried 
away by the uterine veins. The trophoblast contains a ferment which 
^events coagulation of the blood in the intervillous spaces thus formed 
(Young). At the beginning of the 4th week the chorionic villi become 
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overgroAvn villi of tlie cutis or true skin. Prof. J. P. Hill kas demon- 
strated that in the developing marsupial ovum, when only 3 cell divisions 
have occmred and only 16 or fewer cells are formed, those which are to 
give rise to the epithelial covering of the chorion and amnion can be 
distinguished from the smaller number which is to form the embryo. 
In the human ovum it is also so ; we have seen that the epithelial cover- 
ing of the chorion — ^the trophoblast — is the first structure to be differenti- 
ated in the development of the blastocyst. In prehistoric times 
primitive man required no scaffolding or machinery to build his rude hut ; 
in great modern buddings extensive scaffolding and elaborate machines 
have to be erected before ever building has begun. The chorion and 
amnion are the scaffolding thrown up for the development of the higher 
vertebrates, and they were evolved out of simple parts of the belly wall. 

The amnion, which contains a fluid in which the embryo floats and 
thus has its very delicate growing tissues equally supported on all sides, 
is not required in the development of fishes or amphibians ; their eggs 
are hatched in water and the larvae live in water and have therefore no 
need of an amnion. This structure became necessary when the ancestry 
of the higher vertebrates took to a life on land. To allow their young to 
develop in the ancestral medium the amnion was evolved from a dupli- 
cature of the embryo’s body wall. Having thus given a clue to the 
evolutionary history of these marvels of adaptation — the amnion and 
chorion — ^we return to note stages by which the placenta is produced 
from the chorion and a foetal circiilation established [6j. 

Chorionic Villi. — The origin of the chorion from a combination of two 
elements — ^the trophoblast (enveloping layer of ectoderm) and an inner 
stratum that represents somatic mesoderm — ^has been already traced 
(p. 18). The division of the trophoblast into a basal layer and syncytium 
was also mentioned. As soon as the ovum is embedded in the decidua, 
processes of syncytium invade not only the basal but also the reflected 
or capsular part (Fig. 27). Villi, containing a core of mesoderm and a 
covering of the basal layer of chorionic epithelium, grow out into the 
syncytial masses (Fig. 34). The villi, at first simple processes, begin to 
divide and re-divide in tbe 3rd week ; in tke 4tli, they become branched, 
and by the 30th day they are tree-like and fully formed. Hertwig [5] 
observed that the mesodermal core of villi may arise in situ by a direct 
transformation of the trophoblast. During the 3rd week the meso- 
dermal tissue of the chorion, particularly of its villi, becomes the site 
of active formation of blood-vessels, blood cells being developed within 
the vascular lumina [5]. Similar formations are taking place in the 
body stalk, in the wall of the yolk sac and also in the embryo itself, 
so that by the middle of the 4th week a tubular heart, dorsal aortae, 
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iwo umbilical veins, nml the canal of the allantois lie in its niesoderjiial 
basis, and while its upper ectodermal surface projects, like the rest of 
the embryo, within the cavity of the amnion, its lower surface lies in 
the wall of the extra-embryonic coelom, in contact with the yolk sac. 
The structures in the body-stalk arc those which we find in tlie ventral 
belly wall of the frog (Fig. 31). 

To imderstand the origin of the umbilical cord one must observe 
closely the attachment of the amnion at this early stage. It is attached 
to the circumference of the embryo and body-stalk (Figs. 22, 23, 21) ; 
to the zone of somatopleure which unites the embryo and the amnion 
the name oi junctional ring may be given, with the clear understanding 
that the body-stalk enters into the formation of the posterior part of 
the ring. From the junctional ring the umbilical cord is developed. 
llTiile the embryo grows rapidly and c.vp.anda within the amnion the 
junctional ring c.xpands very .slowly. The parts of the yolk s.ic and 
coelom which arc surrounded by the ring now appear to bo constricted 
(Fig. 23). In the 2nd month the junctional ring begins to elongate and 
form a cord-likc structure, in which an umbilical and a placental 
extremity can be recognized (Fig. 3C). The amnion is attached at its 
placental extremity. The mesoderm of the junctional ring forms the 
jelly-like tissue (Wharton’s jolly) of the umbilical cord in which are 
embedded the umbilical arteries and one umbilical vein, formed by the 
fusion of the right and left vein. By the 3rd month the cord measures 
12 cm. ; and 40 cm. by the 9th month. The elongation of the junctional 
ring to form the cord necessarily affects all those structures which lie 
within the ring — the neck of the yolk soo (vitello-intcstinal duct), the 
coelomic space or primitive peritoneal space, the cavity of the allantois. 
All of these are included within the cord, and are obliterated during its 
elongation. From the 6th until the 10th week this space contains 
intestinal loops. The coelomic or peritoneal space at the umbilical 
end of the cord closes in the 3rd month, but if the intestinal loops fail 
to return it may remain open until birth and become the seat of a 
congenital umbilical hernia. As an exceptional occurrence, the intra- 
emhryouic parts of the allantois or of the vitello-intestinal canal may 
remain patent as far as the umbilicus, and with the removal of the cord 
at birth give rise to a urinary or a faecal fistula. 

Formation of the Placenta. — ^The condition of the membranes in the 
3rd month (Fig. 36) differs from that of the Ist month (Fig. 21) by the 
differentiation of the placenta. In Ist month the chorion is uniformly 
covered by shaggy villi, this being the permanent condition in low 
pniMtes (Lemurs). In man the chorionic villi which project within the 
deci ua asalU or scrotina hypertrophy, while those withip tfio decidua 
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vascularized and soon after are filled witli blood propelled by the heart 
of the embyro. Thus in the placenta two hearts are at work — ^the 
maternal and foetal. The extension of the syncytium, the formation 
of villi and of blood spaces, go on until the 5th month. By that time 
the basal and syncytial layers of epithelium on the villi are replaced by 
a single flattened layer of cellsp the villi thus becoming a vast meshwork 
*of fine vascular channels enclosed by a thin cellular covering derived 
from the origmal trophoblast. If we conceive the capillary network of 
a mimature lung as stripped from the alveoli, but reta inin g its meso- 
thelial coating, we have before us a picture of a placental villus. The 
villi are gUls, but are suspended in pools of oxygenated blood instead of 
oxygenated water. They are immersed in blood spaces, and draw 



Fig. 35. Section across tie Body-Stalk. (His.) 

from the maternal blood oxygen and nutriment for the supply of the 
embryo. Processes and fibrinous partitions derived from the syncytium 
remain to bind the chorion to the uterine wall and to separate the villi 
into groups or cotyledons (see Fig. 38). 

Formation of the Umbilical Cord [6]. — ^At the end of the 3rd week of 
development (see Figs. 20, 29), when the embryo forms a cap on the yolk 
sac and a plate in the floor of the amniotic cavity, neither umbilicus nor 
umbilical cord is differentiated. The hody-stalk unites the caudal end 
of the embryo to the inner waU of the chorion, and has the appearance 
of being a posterior extension of the embryonic body. Indeed, at an 
early stage the hinder end of the primitive streak lies on it (see p. 52), 
but the part which is to enter into the formation of the umbilical cord 
really represents a reflection of the ventral wall of the body. The body- 
stalk serves the purposes of an umbilical cord to the early embryo. A 
section across the body-stalk (Fig. 35) shows that two umbilical arteries. 
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3rd. An allantoic element which is fused with the mesoderm of the 
chorion in the human ovum. In the human placenta it is impossible to 
dist’mguish the 2nd from the 3rd element j both are fused in the ineso* 
derm of the chorion from the beginning. 

4th. The amnion, which becomes applied to the inner surface of the 
chorion, thereby obliterating the cxtra*cmbryonic ooclom (bigs. 3G, 37). 
Thus it will be seen that almost the entire placenta is produced from the 
ovum and is truly a part of the foetus. The decidua, the only maternal 
element, merely affords a nidus or suitable bed for the development of 
the foetal structures. 

From the inner surface of the fully formed placenta, the amnion, a thin 
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FV2. 37.— DiaEtammaUc tccUon to show the elements T^hich enter Into the fomatloQ 
of the FUcenta. The trophobUat on the outer bWo of the ptechotloo has been 
omitted for the take of simplicity. 


transparent membrane, is easily stripped off. The outer or uterine 
surface of the placenta js rough and shaggy, being mainly composed of 
the greatly hypertrophied vilii developed from the serotinal or attached 
area of the chorion. The villi are grouped in clumps or cotyledons, 
between which arc fibrous strands and partitions which pass through the 
whole thickness of the placenta and thus maintain its fixation to the 
Uterus. The manner in which the trophoblast covering the villi becomes 
changed until it forms merely a thin epithelial covering has been already 
mentioned (p. 42). Into the villi pass branches of the umbilical arteries, 
ultimately forming a fine capillary network, from which the arterialized 
blood is returned to the foetus by the umbilical veins. Everywhere the 
blood of the foetus is separated from that of the mother by a thin capil- 
^ty wall and a layer of flat epithelial cdls through this wall exchanges 
between the foetal and maternal mrculation take place. The villi 
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reflexa atropliy, and in tliis way the discoidal placenta of man is formed 
(Fig. 36). In lower primates (Monkeys) the placenta may he bidiscoidal, 
one disc being formed at the embryonic pole of the blastocyst as in man, 
the other being produced at the opposite or vegetative pole [7]. The 
bidiscoidal form occurs occasionally in human pregnancies. 



The elements entering into the formation of the placenta are diagram- 
matically shown in Fig. 37. They are : 

1st. The decidua serotiaa, formed by the mucous membrane of the 
uterus. It is almost completely replaced by the syncytium and chorionic 
villi. Only the basal layer with the bottom parts of the glands remain 
to furnish a new lining to the uterus when the membranes and placenta 
are shed after the birth of the child. 

2nd. . The chorion, or, strictly, prechorion. 



47 


THE FOETUS AND UTERUS 
into tlie placental blood spaces These blood spaces arc occupied 

by the villous network (/). For diagrammatic efTcct some of these 
spaces are represented as empty. One partition has only the stumps of 
vessels attached to it (c'). The channels which perforate the basal layer 
represent the fine spiral arteries which supidy the endometrium ; through 
them the mother’s heart fills the placental spaces with arterial blood- 
After bathing the villous network, the maternal blood, now in a venous 
state, flows towards the marginal spaces' and makes its exit by the 
marginal maternal veins (o, o). Maternal blood can pass from space to 
space ; as shown in Fig. 38, the partitions between spaces are perforated 
(arrows pass from g to g'). Thus the placenta is dinded by partitions 
into a series of compartments or spaces, varying in number from 15 
to 30. The villous mass which fills a compartment Is kno^vn as a 
cotyledon. Since the compartments lie within the muscular wall of 
the uterus, every contraction of that wall tends to compress the placental 
blood-spaces, and so empty them into the uterine veins. The respiratory 
movements of the body wall have a similar elToct. 

At full term all the membranes of embryonic origin come away in the 
afte^birth ; also the decidua, except a thin, deep layer next the uterine 
muscle, which contains the deepest parts of the uterine glands. The 
removal of the placenta leaves a deep and extensive ulcer in the endo- 
metrium. Repair, as in an ordinary ulcer, is effected chiefly from the 
encumference, but the surviving tissue in the floor of the ulcer also 
shares in the repair, which is effected in about 25 days. 

The establishment of the developing ovum xsdtlun the uterus of the 
mother constitutes one of the most marvellous chapters of Embryology, 
t is apparent that in the evolution of the higher mammals the young 
ave become modified to pass the first stage of life as uterine parasites, 
n this chapter we have seen that the o^'UIn has already reached a 
certain degree of development when it enters the uterus from the Fallo- 
pian tube. All the earlier steps in development are directed towards 
the formation of the structures necessary for the protection of the embryo 
the chorion, amnion, yolk sac, allantois and placenta. 


Notes and Uefebenczs 

plaved the menstrual cycle in women and the part 
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the PQblicatioiJl h hormones has assumed enormous proportions. Some of 
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project witliiii great blood spaces formed from the maternal sinuses. 
The ovarian and uterine arteries end in these blood sinuses, and the 
ovarian and uterine veins begin in them (Fig. 38). 

Structure of the Placenta. — In Fig. 38 is reproduced a semi-diagram- 
matic representation of the fully formed placenta, according to the 
description given by Spanner [9]. The termination of the umbihcal 
cord is shown (a ) ; a branch (6) of the umbilical artery, carrying the 
venous blood from the foetus, is shown imder the amnion (i) and 
amniotic surface of the chorion (k ) ; it sends a branch down a partition (c) 



towards the basal layer, resting on the inner muscular coat of the uterus 
(m, m). On reaching the basal layer, chorionic arteries are reflected 
towards the amniotic surface. There they open into complex vascular 
channels { / ), and are attached to neighbouring septa {d). The veius (p), 
which now receive the arterialized blood from the network ascend ia 
the partitions and unite •with others under the amniotic surface of the 
placenta, and so give rise to umbilical veins. 

Such are the foetal structures connected with placental cLcculation. 
Let us now enumerate the structures concerned in the maternal circula- 
tion. It will be noted that the basal layer of the placenta is pierced at 
numerous points by small spiral arterial channels {n, n, n) that open 


49 


THE FOETUS AND UTERUS 

’’ ■ • • ^ ~ ' ^j^2.iU.Forsc}i.Vi, Mik. Anal., 

gC3 in human placentation, see 
^ ^ Dr. J. D. C^mhs has recon- 
structed the endometrial nest of a human blastocjrst of the l3th day {Anat. Rec., 
IMl, 81, 265). 

18) The recuperative power of the endometrium is illustrated by an experiment 
by C. G. Hartman on a female rhesus monkey. He removed the endometrium 
completely; in the course of 13 days it was restored and became the site of a 
successful pregnancy. 

[9] Fop structure of placenta and of endometrium, see Spanner, R., Ztilsch. f. 
Anat. u. Entwtek., 1930, 105, 163 ; Grosser, O., lancet, 1933, 1, pp. 999, 1053, 1055 
{types of mammalian placentae); SUeve, H., Anat. An:., 1936, 81, 33 (Suppl.) ; 
D^-ilattingly, H., Amer. Jour, Anal., 1930, 59 (dimensions of absorptive area) ; 
Williams, J. W., Amer. Joum, Obstet. Oynaec., 1931, 22, 664 (repair of endo* 
metrium after parturition) ; for structure of endometrium, see Daron, C. H., 
^fTier. Jour. Anat., 1930, 58, 349 ; Bartelmei, G. W., Confrift. Emh., 1933, 24, 
143 ; Itlaikec, J. E., ^nat. Rec., 1938, 70, 51 (suppl.) ; Bacsich and Smout, Jour. 
Anat., 1938, 72, 358 (structure of arteries) ; Mossman, H. W. (see reference under 
note [7]). 
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1938, 70, 35 (Suppl, 3 ) ; Zuckerman, S., Proe. Boy. Soc., 1937, 125 (B), 441 ; 1938, 
124 (B), 150 (cause of menstruation) ; McKeown and Zuckerman, ibid., 1938, 
124 (B), 464 (effect of gonadotropic hormones on rats) ; Markee and Others, 
Anat. Bee., 1935, 64, 181 (endometrial grafts in eye) ; Comer, G. W., Trans. 
Edin. Ohstet. Sac., 1937, p. 61 (action of luteal hormone) ; Nicol, T., Trans. Boy. 
Soc. Edin., 1935, 58, 449 ; Jour. Anal., 1936, 70, 200 (action of oestrin on decidua 
of guinea-pig ) ; Gardner, W. U., Anat. Bee., 1937, 68, 339 (effects of oestrin) ; 
Hirsaw and Others, Amer. Jour. Anat., 1937, 61, 483 (action of follicular and luteal 
hormones on endometrium of apes). 

For observations on the cyclical changes in vagina, see Papanicolaou, G. N., 
Amer. Jour. Anat., 1933, 52, 415 ; Smith and Brunner, ibid., 1934, 54, 27. For 
changes caused by oestrin in the newly bom ; Fraenkel and Papanicolaou, Arner. 
Jour. Anat., 1938, 62, 427 ; Zuckerman, S., Jour. Anat., 1938, 72, 35^ For 
observations on the menstrual cycle of apes, Hartman, C. G., Gontrib. Emb., 
1932, 23, 1 (28 days in rhesus monkey) ; Zuckerman, S., Proc. Zool. Soc. Lond., 
1937, (1), 315 ; Elder and Yerkes, Proc. Boy. Soc., 1936, 120 (B), 409 ; Amt. 
Bee., 1937, 67, 119 (35-day cycle in chimpanzee) ; Schultz and Snyder, Bull, 
Johns Hopkins Hosp., 1935, 57, 193. 

[2] For substances formed in endometrium for use of embryo, see Rossman, I., 
Amer. Jour. Anat., 1940, 66, 277 ; 1942, 69, 187 (in rhesus monkey) ; Nicol, Thos., 
Journ. Anat., 1932, 66, 183. 

[3] See G. L. Streeter, Anat. Aiiz., 1938, 70, 53 (Suppl.). 

[4] In seeking to discover the manner in which the evolution of the human body 
has been brought about, we have to recognize tw’o phases of existence, an intra- 
uterine or parasitic phase and an extra-uterine or independent phase. It is during 
the intra-uterine phase that nearly all revolutionary changes in structure have been 
introduced. The time sequence in which parts are developed may be speeded up 
or they may be retarded. The precocious development of part of the intestine to 
form the yolk sac (archenteron), of the bladder to form the allantois, and of part of 
the abdominal parietes to form the amnion and chorion are extreme examples of 
precocious development, for these structures are differentiated before the body 
of the embryo is manifest. How such speeding-up is brought about we do not 
know. Another kind of transference in time or rate of development is even more 
important for the understanding of human evolution. Characters which made 
their first appearance during intra-uterine life maybe retained after birth and may 
become characteristics of the adult. For example, man’s large brain, small face 
and comparatively nude skin may be regarded as acquired from intra-uterine life. 
The tendency for foetal characters to be retained after birth is sometimes spoken 
of as Bolk’s Law (see Keith, A., Concerning Man’s Origin, 1927.) 

[5] For earliest formation of blood-vessels in human embryos, see Hertig, A. T., 
Gontrib. Emb., 1935, 25, 37 ; Wislocki and Streeter, ibid., 1938, 27, 1 ; Ramsay, 
Eliz. M., ibid., 1938, 27, 69 ; Brewer, J. I., ibid., 1938, 27, 87 ; Odgers, B. N. N. B., 
Jour. Anat., 1937, 71, 161 ; McIntyre, D., Trans. Boy. Soc. Edin., 1926, 55, 77. 

[6] For a description of early stages m the development of human amnion and 
umbilical cord, see references given in the preceding note [5], to Hertig, A. T., 
and to Wislocki and Streeter j Wybum, G. M., Jour. Anat., 1939, 73, 289 (a 
detailed and original account of formation of the umbilical cord and of the umbilical 
region of the body wall) ; Melke, J., Anat. Anz., 1933, 76, 194 (changes in the 
umbilical artery). 

[7] For an account of the placentation of man and apes, see Hill, J. p., p^U, 
Trans., 1932, 221 (B), 45 ; for a comparative study of placentation, see Mossman 
H W.'* Gontrib. Emb., 1937, 26, 133 ; for physiology of the placenta, see Barcroft, 
Sir J*’ Proc. Boy. Soc., 1935, 118 (B), 242; Needham, J., Biochemistry and 
Morphogenesis, 1942, p. 79 ; Weekes, H. C., Proc. Zool. Soc. Land., 1935. n. 62.7 




CHAPTER III 


THE PRIMITIVE STREAK, NOTOCHORD AND 

SOMITES 

Law of Recapitulation. — The pioneers of Embryology began in the 
hope of discovering the stages in the evolution of the human body by an 
accurate study of its development. It was expected that the ovum as 
it became transformed into the embryo, and the embryo as it changed 
into the foetus would recapitulate man’s evolutionary history. From 
what has been related in the two previous chapters it is plain that we 
see no resemblance between the successive stages of the human embryo 
and the succession of types which compose the scale of the Animal 
Kingdom. Those who expected the law of recapitulation to hold true 
in all its details forgot that the human embryo is radically modified in 
order that the first nine months of development may be spent parasitic- 
aUy in the womb of the mother. The storage of yolk in the ovum, the 
precocious development of trophoblast, chorion, amnion and allantois, 
have transformed the orderly manifestation of evolutionary stages. 
Yet to a certain degree the law remains true : the human body begins 
as a single cell, similar in constitution to the simplest form of animal 
life — a protozoon ; it becomes a globular cluster of cells in its morula 
stage, similar to the simple forms of mxdticellular organisms. Further, 
there are numerous features seen during the development of the embryo 
which can only be explained by supposing that the human body, in the 
course of its evolution, has passed through those stages which we see 
represented in simpler Invertebrate forms — such as the Hydra and the 
worm. The first of these obscure embryonic manifestations is the 
primitive node and streak. 

The Primitive Streak. — ^In the 3rd week, when the embryonic plate 
lies on the upper surface of the yolk sac and measures less than 1 mm . 
(1/25 in.) in length, there appears along the median line of its hinder 
half a linear demarcation known as the primitive streak (Fig. 20, p. 21). 
This line becomes the site of developmental processes of the highest 
significance. It indicates what is to be the mean longitudinal axis of 
the trunk. Very soon after the primitive streak appears there is formed 
a perforation or canal at its cranial or anterior end — ^the neurenteric 
canal (Fig. 40, A). If a section is made across the embryonic plate at 
the site of the canal, the endoderm lining the archenteron is seen to be 
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coming to enclose the neurenteric canal and anterior end of the primitive 
streak (Fig. 42). The early relationship of the medullary folds to the 
primitive streak is shown diagrammatically in Fig. 41. The hinder 



Fio. 4x, Diagram of the Eoibryo8«iile areacraa Erobo’onic Plate Tlewed from above. 
Fiq. 42, The UeduUaiT Plate and PHcnlUve Streak of an Embrj-o at the beelnnloe of 
the 4th rreek. (After Graf Spee.) 


end of the streak is carried away from the cloacal membrane by the 
formation of the tail, 

Hensen’s Node and the Prechordal Plate [1). — We took up the con- 
sideration of the primitive streak late in the 3rd week after the neuren- 



Fio 43. Sastttal aecUoos of Human Embryos la the 3rd week of develoiiiueDt. 

(Dr. 3 . jl<»lan ) 

A. Peter’s ovum, about 15 days. B. MdOendorff’s ovum. C. Florian’s ovum, B I. 

0 , Cavity of amnion; 5. embryonic or ectodermal plate , c, r, chorion , a body-stalk * 
e, archenteroD ; /, primitive streak ; g, allantois, ’ 

teric canal had been formed at its anterior or cranial end. There are 
certain earlier stages which we must now glance at. In Fig. 43 diagram- 
matic sections of three human embryos are represented ; in the 
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the ectoderm, now being difierentiated into the neural plate, is moulded 
to form the rudiment of the medullary furrow ; beneath the furrow 
there is a plate of cells, the notochordal plate (Fig. 39, A), which although 
continuous with the endoderm is yet of different origin , The notochordal 
plate will form the notochord, the supporting or skeletal rod of the 
medullary plate. At the neurenteric canal and in front of it the meso- 
derm is no longer continuous with the ectoderm or endoderm ; it has 
grown forwards from the site of production at the primitive streak. 

If sections are made along the embryonic plate (Fig. 40, A and B) 
further light is thrown on the relationship of the neurenteric canal and 
primitive streak to the growth of the embryo. In Fig. 40, A, the 
neurenteric canal is seen to be placed near the middle point of the plate, 
which has a total length of a little over 1 mm. ; while in the older 
embryo, which measures 1*7 mm. in length, it has been pushed backwards 
by the rapid growth and extension of the precanalicular part of the 
embryonic plate. The region of the primitive streak — ^the postcanalicular 
part of the embryonic plate — although the site of mesodermal production, 
has undergone a lesser degree of growth and is being pushed to the hinder 
end of the embryonic plate. The exact manner in which the precanali- 
cular part expands we shall describe presently, but in the meantime it 
may be noted that at the anterior lip of the neurenteric canal the ecto- 
dermal plate is in continuity with the notochordal plate. This lip, 
which represents the dorsal lip of the blastopore, and the adjacent parts 
of the primitive streak represent an actively growing bud which is to 
give rise to the greater part of the body of the embryo. The first 
formed part of the precanalicular plate represents the hinder cranial 
region ; as the plate grows the neurenteric canal moves backwards 
through the cervical and dorsal regions until it reaches the lumbar 
region late in the 4th week, the embryo then being less than 3 nun. in 
length. If, as sometimes occius, the neurenteric canal remains unclosed, 
a fistida from the bowel opens in the lumbar region of the spinal cord. 
In Fig. 40 it will be seen that while the neurenteric canal lies at the 
anterior end of the primitive streak a very important structure — the 
cloacal membrane — marks its posterior end. The cloacal membrane, 
extending to the dorsal surface of the body-stalk, marks the site of the 
anus and vulval cleft. Thus the greater part of the human body is 
developed by the anterior end of the primitive streak, a relationship 
which must be imderstood if certain malformations of the human body 
are to be adequately explained. 

In the 3rd week of development, when the primitive streak is being 
pushed backward on the embryonic plate, the medullary folds appear on 
its anterior part, the hinder ends of the folds as they spread backwards 
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the cloacal membrauo fills up tfic binder end of the piimitivo streak and 
rests on the roof of the allantoic diverticulum. 

Later History oi the Primitive Streak. — It will be well to mention here 
the later history of the primitive streak. In Fig. 45 a sagittal section of 
the hbder half of a human embryo is depicted [2] ; it is some 22 or 23 
days old ; eight segments have been demarcated — namely three occipital 
and five cervical. The binder end of the embryonic plate bas now 
become folded, so that the cloaca! membrane, representing the hinder 
end of the primitive streak, lies on the under surface of the projecting 
caudal end of the plate. The anterior end of the streak, represented by 
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Yolk Stalk 

Fio. 45. Sapttal i«cUon of the Mader half of » Quraaa Embryo in the eaiUei half of 
the 4th «e«kof de^eJopioent. trrof. CccU M. West) 


Hensen’s node (Fig. 45), has now reached that part of the embryonic 
plate which in due time will be the site of the 5th cervical segment. 
The notochord and great neural plates anterior to the site of Hensen's 
node are already demarcated ; all that part of the trunk which lies 
behind the 5th cervical segment has still to come into existence. 
Hensen's node and the tissues in its vicinity are to give rise to them in 
orderly sequence. The ncurenteric canal has disappeared. The 
prumtive streak is now included in the hinder end of the embryonic 
plate ; the hinder end of the plate represents a germinal hud or centre 
of growth which gives rise not only to notochord, medullary plates, 
bone, muscle, pronephros and mesonephros and connective tissues, but 
also to an extension of the adjacent region of the archenteron. Part 
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ectoderm on the embryonic plate is represented by a thick black line ; 
no clear sign of the primitive streak is detectable. In Fig. 43, B, it 
has become apparent ; part of the ectodermal plate begins to grow and 
changes its character ; it is the first trace of the primitive streak. In 
Fig. 43, C, a stage later in the 3rd week is shown, the streak area is 
elongating with the ectoderm of the cloacal plate at its hinder end and 
the imchanged cranial ectoderm in front. 

In Fig. 44 sagittal sections of two ova late in the 3rd week of develop- 
ment are represented. In A certain changes in the primitive streak have 
to be noted. There is first its further extension backwards ; secondly, 
at its anterior end, where the ectoderm is growing rapidly, a forward 
ingrowth over the roof of the archenteron has taken place. The raised 



Fig. 44. Sagittal sections of two Human Embryos showing the production of the chordal 
or head process (A) ; and the formation of the neurenteric canal in that process (B). 

(Dr. J. Florian.) 

a, Amniotic cavity ; 6, embryonic or ectodermal plate ; c, c, chorion ; d, body-stalk ; 
e, archenteron ; /, primiUve streak ; g, allantois ; cl. m, cloacal membrane ; B.N., 
Hensen’s node ; H.P., head process ; B.C., neurenteric canal ; P.P., prechordal 
plate. 

anterior lip of the streak, from which the ingrowth has sprung, is known 
as the primitive or Hensen’s node ; the ingrowth is named the chordal 
or head process. We are witnessing the laying down of the anterior end 
of the notochord. Now in the foetus the anterior end of the notochord 
lies within the base of the skull, extending from the pituitary fossa to 
the foramen magnum. The neuro-vertebral axis, therefore, begins its 
formation in the post-pituitary region. In Fig. 44, B, which represents 
a later stage, further changes have occurred. The chordal process has 
become canaliculized ; the floor of the canal has disappeared, the 
neurenteric canal being thus formed. The roof of the canal becomes the 
chordal plate — ^the basis of the notochord. The endoderm in the roof 
of the archenteron, just in front of the chordal process, thickens and 
forms a plate— the prechordal plafe {Fig. 44, B). Later, the prechordal 
plate, having given ofl mesoderm to the pre-pituitary region of the head, 
becomes included in the anterior end of the fore-gut. The ectoderm of 
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situated Hensen’s node, from which the chordal or head process is being 
given ofi. A day or two later, Hensen’s node has grown backwards, 
more of the 'chordaLj^late haWog been formed (Fig. 40, C). In front 
of the chordal proems lias appeared the prechordal plate. From this 
structure, as we have already seen, arises the mesodertn of the head. 

Tims the trophobbsV of the menvbtanea and the hinder end of the 
primitive streak are th6 first sources of mesoderm. Tlie final and 
greatest source is the primitive streak itself : along its whole length 
ectoderm is being rapidly transformed into mesoderm. As produced 
it passes inward to lie on each side of the elongating notochord, forming 
the bases of vertebrae, muscles, vessels and ligaments. 

The Blastopore. — The primitive streak, with Hensen’s node at its 



Pio. 47. niaKram showing three stages la the eaxir development ot Amphloxu*. 
A. iQvsglsatlon of the endodenn (shaded) within the ectoderm (stippled), 
a. Tonuation of archenteron and primitive mouth (blastopore) 

C, Origla of mesoderm (black) and coelom from ma^laof primitive mouth, with forma* 
ticiD of a ventral mesentery round the anbintestloal vein. (After Kobmson.) 


front end and the cloacal membrane at its hind, can be most reasonably 
explained by supposing that it represents the primitive mouth or blasto* 
pore of low'er invertebrate animal types. Its formation in the verte- 
brate body is best studied in amphioxus (Fig. 47). At an early stage 
of its segmentation the ovum of this animal forms a hollow sphere 
(Fig. ; one part of the sphere becomes invaginated to form the 

endoderm, the uuinvaginated or outer laj-er becoming the^ectoderm. 
The brim of the bilammar flask (gastrula or cup) thus forfiied serves as 
a mouth or blastopore to the cavity of the endoderm (archenteron, 
big. 47, B). The ptumtive streak, seen vn all vertebtate embryos, is 
elieved to arise from a linear fusion and backward growth of the lips 
of the blastopore. In the developing amphioxus mesoderm is seen to 
arise in the circular lip of the blastopore ; in embryos of higher verte- 
brates it is seen to nri.'^e in the prirrutive streak, the representative of the 
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of the germinal bud may persist at the caudal end of the foetus and give 
rise to a large sacro-coccygeal cyst or tiimour. 

Origin of the Early Mesoderm. — ^We have seen that in the earliest 
human embryo known, mesoderm already covers the outer aspect of the 
archenteron and the inner aspect of the chorion. This mesoderm is 
derived from the trophoblastic foundations of the chorion, of the 
amnion, of the yolk sac and of the body-stalk, all of which represent 
precociously developed parts of the body wall and of the primitive gut. 
We have now to touch upon another and important source of mesoderm. 
It begins to be produced at the end of the 2nd week from that part of 
the embryogenic plate which is to become the hinder end of the primitive 
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Fig. 46. The differentiation of the Primitive Streak in the Embryonic plate of the pig. 

A. Middle of the 2nd week. B. Early in the 3rd week. C. About the middle of the 

3rd week. (G. E. Streeter.) 

Mesod., mesoderm ; P.S., primitive streak ; H.N., Hensen’s node : Ch, P,, chordal 
plate ; P.P., prechordal plate ; H. Ena, head end of embryonic plate ; T. End, 
tail end of embryonic plate. 


streak. Its origin has been followed in the embryo of the pig by 
Dr. G. L. Streeter [3]. In Eig. 46, A, is represented the eml^onic 
plate of a pig’s embryo about 10 days old ; it rests on the archenteron. 
The primitive streak has appeared. At its tail end and at its sides 
mesodermal cells are being formed and are spreading outwards on the 
archenteron and forwards, in a bicrescentic formation, in the embryonic 
plate (Eig. 46, .4). The tips of the crescents meet at the cranial margin 
of the embryonic plate. In this early mesoderm, which forms much of 
the body-wall, vascular tissues arise ; in its crescentic tips the basis of 
the heart will be formed. Also from the hinder end of the primitive 
streak arises mesoderm which passes into the body stalk on each side 
of the cloacal membrane ; this tissue goes to the formation of the 
infra-umbilical part of the body wall. A day or two later (Eig. 46, B) 
the primitive streak has become demarcated; at its cranial end is 
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blocks or somites [5], Segmentation, which begins at what will 
become the occipital region of the head, is confined to the paraxial 
mesoderm. In the embryo shown in Fig. 22, p. 23, five somites have 
been formed \ by the end of the 4th week, when the embryo has grown 
to a length of abont 3 mm. (Fig. 23), the process has reached the first 
caudal or coccygeal segment, there being at this time 3 occipital and 30 
body somites. Thereafter segmentation proceeds slowly in the caudal 
region, there being 8 or 10 caudal somites at the end of the Cth week, 
when the tail has reached ita maximum development and the embryo is 
about 11 mm. long. Each segment carries certain potentialities — 
according to its position in the series. The first dorsal, for example, 
will give rise to one series of structures ; the second to another series. 

To understand the meaning of segmentation we must again appeal to 
comparative anatomy [C]. Segmentation marks the onset of vertebral 
characterization in the human embryo. In Fig. 50, A, a diagrammatic 
longitudinal section of a fish larva is reproduced to show the relations of 
the notochord ; it and the neuraltube, we have seen, are formed first in 
the head region and then grow backwards. In Fig. 50, B, another fish 
larva is depicted, with the notochord clothed with muscle segments or 
myotomes. A mere glance at such diagrams shows that the notochord 
or primitive vertebral column and the segmented spinal musculature 
represent a great sculling apparatus — the locomotory machine of the 
lowest and oldest vertebrates. Gill arches also appear in the human 
embryo very soon after segmentation has commenced (see Fig. 23), but 
even without their guidance one would infer, on the evidence of segmenta- 
tion alone, that the human embryo m the 4th week is passing through a 
fish stage and that our vertebral column and spinal musculature repre- 
sent a former locomotory system. The gill-segmentation is different 
and apparently older than the body-segmentation ; and as we shall see, 
the gills are not fashioned out of the paraxial mesoderm. 
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heart, blood-vessels, blood cells of all lands and all forms of moving tissue 
cells. To this latter element of the mesoderm — ^the cells which form 
vessels, blood, connective tissue and mobile cells — is given the name of 
mesenchyme. 

NotoehorjJ. — The notochord is the forerunner of the spinal column 
{Fig. 50, A). It is formed, as we have seen, by an ingrowth of ectoderm 
at the anterior end of the primitive streak. The plate of cells from which 
it is formed lies in the roof of the archenteron. Presently the chordal 
plate becomes folded ofi from the roof of the archenteron (Fig. 49) to 
form a rod of peculiar cells — ^the notochord. Only the anterior part of 
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Fig, 50. 

A. Diagrammatic longitudinal section of a larval FolypteruB, a ganoid fish, to shoiv 

the relations of the notochord. (After Graham Kerr.) 

B. The larval form of I/cpidosteus, another ganoid fish, to show the segmented vertebral 

musculature covering the notochord. (After Graham Kerr.) 


the chordal plate is developed in the wall of the archenteron ; the rest 
is formed above the roof of that cavity. It will thus be seen that the 
first representation of a skeleton is produced at an extremely early date, 
and that it appears as a support for the medullary plate when that 
plate is folded in to form a tube. Remnants of the notochord may 
persist within the vertebral axis and give rise to peculiar tumours. 

Segmentation. — ^We have seen that the medullary folds begin to form 
early in the 4th week of development, when the embryonic plate is only 
about 1-5 mm. in length. Some days before they commence to fuse 
and thus enclose a tube, that part of the mesoderm which has 
been laid down by the side of the neural tube — ^the paraxial mesoderm 
(Fig. 49) — ^begius to be divided, from before backwards, into segmental 
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renal tubules if groun alone in a cuifcuic medium expands amorphously, 
but if mesodermal (connective tissue) cells are added to the culture, 
then tubules are formed [4]. This organming power, although confined 
to embryonic life 'm vertebrates, is retained in the adult stage by certain 
invertebrates. Prof. Child found that when the head of a planarian 
worm was transplanted into the body of another, it caused that part of 
the host’s body in which it was grafted to become a new body. The 
ova of certain insects developing on a living leaf or twig emit substances 
wMch bring about the formation of highly organized vegetable structures 
known as galls. 

Dichotomy and Twin Formation. — In the eighteenth century John 
Hunter discovered, as the result of varied experiments, that the apical 
bud of tree or stem exercises a restraining influence on buds placed 
lower on the stem. If the apical bud is destroyed and apical dominance 
thus lost, an adjacent bud assumes control and forms a new top. Or if 
the apical bud is merely damaged, then two centres of dominance may 
arise in its tissues, with the result that the apex divides and a double 
fop is produced [5]. ^Vheu the primitive streak appears on the embry- 
onic plate of the human ovum the centre of dominance is at its anterior 
or cranial end. In the developing vertebrate ovum this centre is also 
the site of greatest metabolic activity [6] ; there may be, as Julian 
Huxley supposes, a relationship between activity of metabolism and 
organizing potency [7J, for if the metabolic activity at the anterior end 
of the primitive streak is greatly lessened, by submitting the developing 
ovum to radiations, to cold, to oxygen starvation or to solutions of 
noxious substances, then the organizing centre may be destroyed, with 
the result that no embryo is formed. Nevertheless chorion and amnion 
formation may still go on •, the pregnancy thus produced is known as a 
“ 3Iole ” [8]. Or if the organizing centre is merely damaged then two 
centres of dominance may appear at the anterior end of the primitive 
streak with the result that a double embryonic area is produced. The 
embryos may be fused or conjoined in many different ways, giving 
rise to the various kinds of doubh'tnonster [9]. They may be joined 
head to head (ciamopagus) or buttock to buttock (ischiopagus). Such 
monsters represent imperfect attempts to produce twins. In Fig. 
62, A, two centres of development have appeared at the anterior end of 
the primitive streak, giving rise to two heads ; the streak has remained 
single and hence there is but one body. In Fig. 52, B, the opposite has 
happened, giving rise to a monster with a single head and a double 
fiody. In Fig. 52, C, two embryogenic centres have been formed and 
two embryonic bodies, but the archenteron has remained single. Hence 
thc^ developing body-walls of both embryos fuse ; there is but one 
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graft, but from the tissues of the Lost, Tie “ lip ” graft played tbe part 
of “ organizer.” Previous experiments bad prepared them for sucb a 
result. They bad taken ectoderm wbicb in tbe ordinary course of events 
would bave become skm — that is, tbis area of ectoderm was presumptive 
epidermis — and grafted it amongst ectoderm destined to become part 
of tbe brain. Tbe skin so transplanted became nerve tissue. They 
found that ectoderm destined to form a part of tbe spinal cord when 
transplanted into a skin region became skin. Let me illustrate tbis 
transformation. Tbe United States of America receive immigrants 
from all parts of Europe and convert tbem into American citizens. At 
an early stage of development certaiu embryonic tissues bave a similar 
power. None, however, bave tbe organizing potency possessed by tbe 
dorsal lip of tbe blastopore. 

Tbe Power to induce Organization is Transferable. — ^If a fragment of 
presumptive epiderm is taken from tbe gastmla of a frog and placed, 
witbin tbe pit at tbe anterior end of tbe primitive streak, it becomes 
endowed witb tbe embryogenic powers of tbe dorsal bp. A material 
sometbing of tbe nature of a growtb-controlling hormone is transferred 
from tbe bp to the fragment. This observation seems to throw bgbt on 
certain teratomatous tumours that may be formed in tbe human body 
along tbe track of tbe notochord. Tbe latter structure, as we bave seen, 
is produced from Hensen’s node in tbe anterior bp of tbe primitive streak 
and may by accident retain and transfer tbe potency of tbe dorsal 
bp to adjacent tissues. Tbe most common site for such tumours is 
tbe roof of tbe pharynx, near tbe anterior end of tbe notochord. An 
imperfect or tumour-bke foetus projecting from the roof of tbe naso- 
pharynx is known as an epignath. Teratomatous tumours also occur , 
in tbe posterior mediastinum, tbe retroperitoneal tissues of tbe abdomen 
and in front of tbe sacrum and coccyx [2]. 

The Optic Cup as Organizer. — ^Although tbe dorsal bp of tbe blastopore 
is tbe crowning instance of embryogenic potency, yet tbe discovery that 
one developing tissue can exercise a controlling influence on a neigh- 
bouring tissue was made early in tbe present century by two men. 
Dr. W. H. Lewis of Johns Hopkins University and by Prof. H. Spemann 
of Ereiburg [3]. They were making .experiments op tbe optic cup which 
grows out from the embryonic fore-brain to form the retina. The 
ectoderm which overbes the cup grows inwards to produce the lens of 
tbe eye. They found that if the cup was excised no lens was formed, 
or if the developing optic cup is transplanted and placed imder ^ordinary 
ectoderm, then the cup caused the overlying cells with which it came in 
contact to grow inwards and form a lens. The cup emits a growth- 
controlling (lens-producing) hormone. The epithebum of developing 
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renal tubules if grovrn alone in a culture medium expands amorphously, 
but if mesodermal {connective tissue) cells arc added to the cultxirc, 
then tubules are formed [4]. This organizing power, although confined 
to embryonic Ufe in vertebrates, m retained in the adult stage by certain 
invertebrates. Prof. Child found that when the head of a planarian 
worm was transplanted into the body of another, it caused that part of 
the host’s body in whicb it was grafted to become a new body. The 
ova of certain insects developing on a living leaf or twig emit substances 
which bring about the formation of highly organized vegetable structures 
known as galls. 

Dichotomy and Twin Formation. — the eighteenth century John 
Hunter discovered, as the result of varied experiments, that the apical 
bud of tree or stem exerckes a restraining influence on buds placed 
lower on the'stem. If the apical bud is destroyed and apical dominance 
thus lost, an adjacent bud assumes control and forms a new top. Or if 
the apical bud is merely damaged, then two centres of dominance may 
arise in its tissues, with the result that the apex divides and a double 
top is produced [6], When the primitive streak appears on the embry- 
onic plate of the human ovum the centre of dominance is at its anterior 
or cranial end. In the developing vertebrate ovum this centre is also 
the site of greatest metabolic activity [6] ; there may be, as Julian 
Huidey supposes, a relationship between activity of metabolism and 
organizing potency [7], for if the metabolic activity at the anterior end 
of the primitive streak is greatly lessened, by submitting the developing 
ovum to radiations, to cold, to oxygen starvation or to solutions of 
noxious substances, then the organizing centre may be destroyed, with 
the result that no embryo is formed. Nevertheless chorion and amnion 
formation may still go on ; the pregnancy thus produced is known as a 
‘ Mole ” [8]. Or if the organizing centre is merely damaged then two 
Centres of dominance may appear at the anterior end of the primitive 
streak with the result that a double embryonic area is produced. The 
embryos may be fused or conjoined in many different ways, giving 
rise to the various kinds of douWe-nionsfer f9]. They may be joined 
head to head (craniopagus) or buttock to buttock (ischiopagus). Such 
monsters represent imperfect attempts to produce twins. In Fig. 
52, A, two centres of development have appeared at the anterior end of 
the primitive streak, giving rise to two heads j the streak has remained 
single and hence there is but one body. In Fig. 52, B, the opposite has 
happened, giving rise to a monster with a single head and a double 
body. In Fig. 52, C, two embryogemc centres have been formed and 
two embryonic bodies, but the archenteion has remained single. Hence ‘ 
the developing body-walls of both embryos fuse ; there is but 
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umbilicus and one umbilical cord. Such monsters are conjoined belly 
to belly, as was tbe case in the Siamese twins [10]. In certain cases the 





Fig. ‘52. Di'Tsion of the Embrj’onic Plate, forming imperfect twins. 

A, anterior dichotomy ; B, posterior dichotomy ; C, intermediate nnion. 

twin is represented by an amorphous foetus — ^witb a non-functional 
heart (Acardiacus). In such cases a union has been effected between 
the umbilical arteries of the host twin and of the parasitic twin, with the 
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Fig. 53. 

A. First stage in the development of the emhrj'onic plate of an Armadillo ; the 

ectodermic plate is single. 

B. Second stage — the ectodermic plate now shows a separation into two embryonic 

plates, a, b. 

C. These plates, a, 6, again snbdiwde, giving rise to four embryos, situated within a 

common amniotic cavity. All four are necessarily of the same sex. (After H. H. 
Newman.) 

result that the latter comes to depend on the host for its circulation, 
which is reversed so that arteries carry blood towards the heart [llj. 
Monovular and Biovular Twins. — ^The embryogenic area at the anterior 
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end of the primitive streak may undergo dichotomy or division not as on 
ahnormality due to the action of injurious conditions but as a natural 
or physiological process. In the gastrulate stage of the development 
of the Armadillo ovum, as Prof. H. H. Newman [12] discovered, not one 
but four centres of development arise (sec Pig. 53). Four separate 
primitive streaks are produced, all within the same chorion, all four 
being of the same sex. Thus the young of Annadilloes are born in 
batches of four — “ identical ” quadruplets. In the same way two 
organizing centres may appear in the human embryonic plate, from each 
of which a primitive streak arises ; two embryos arc produced within 
the same set of membranes. The twins produced from a single ovum 
are necessarily of the same sex. They are “ identical ” twins [13], 
On the other hand, two or more ova may be shed from the ovary at the 
same time ; two or more may be fertilized ; giving rise to twins or triplets, 
which may he male and female or of the same sex, as chance determines. 

Imperfect or Intermediate Sex. — ^A subject akin to the one just dis- 
cussed may be mentioned here. A male twin may have as its companion 
an imperfect male — one in which the gonadial glands produce neither 
spermatozoa nor ova ; the internal and external sex organs are modelled 
on the female rather than on male lines. The imperfect male twin 
— the “ free martin ” of John Hunter [14] — is believed to have been 
originally of the female sex, but became altered in the following way. 
Such twins, although of biovular origin, ate joined to a common placenta 
and a communication opens up in the placenta between the circulation 
of the stronger male twin and that of its weaker sister. In this w’ay a 
hormone or sex controlling substance formed in the male foetus circulates 
in the body of the female twin, causing its sexual parts to assume a male 
configuration [15]. A fowl after laying fertile eggs may develop 
testicular tissue in her ovaries and assume the characters and beha\uour 
of the cock. Although very tare, human beings do occur in whom 
both testicular and ovarian tissue are present in the same sex gland. 
Theoretically they are true hermaphrodites, but are never fertile. 

If female embryos are subjected to repeated doses of male hormone 
(testosterone), their ov.arian tissue atrophies and may be replaced by 
testicular tissue. Occasionally the gonadal tissue of male embryos 
when subjected to the female hormone (oestrone) undergoes atrophy [10], 
If two larval forms of opposite sexes are so conjoined that their circula- 
tions communicate, then the ovary of the parabiotic twin undergoes 
atrophy but may become changed into a functional testis [17]. 

From such facts it is plain that sex is not irrevocably determined by 
chromosomes. A fertilized ovinn, in spite of its genetic (chromosomal) 
constitution, may xmder certain conditions take on the structure and 



68 


HUMAN EMBRYOLOGY AND MORPHOLOGY 


appearance opposite to that of its true sex. An individual outwardly 
(phenotypically) a male may be constitutionally (genotypically) a 
female. Rarely we meet with persons in whom both ovary and testis 
are developed or in whom the sex glands combine both elements 
(ovario-testes) ; more frequently we meet with “ neuters,” in whom the 
glands are devoid of sex elements. There is in mankind a wide range of 
secondary sexual characters, ranging from the most robust of males 
to the most delicate of females. 

Primordial ova of lower vertebrates may be influenced (determined) 



A. latemal parts: sac, gubemacnlar fold. 

B. Extemal parts. 


by the region of the genital gland in which they come to be lodged, the 
cortical zone favouring a female manifestation, the medullary, a male. 
This power of regional differentiation appears to hold also for the 
developing sex glands of mammals [19]. Tumours of the cortex of the 
adrenal bodies have the power to produce a male hormone (androsterone) ; 
when such tumours occur in the bodies of yormg women, they lead to 
the development of secondary sexual characters of the male. Certain 
tumours which arise in the neighbourhood of the 3rd ventricle of the 
brain have a similar effect [20J. In spite of all these possible errors in 
sex differentiation, the vast majority of children are born immistakable 
boys or girls. 
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Application oi Cultural Methods to Embryology. — ^In 1907 Prof. Ross G. 
Harrison, of Yale, performed an experiment which opened up a vast new 
field of inquiry [21]. The great embryologist Wilhelm His of Lcipzic 
had concluded from his studies of the spinal cord of human embryos 
that the anterior roots of spinal nerves were formed as outgrowths from 
the motor cells situated in the anterior horn. To put this inference to 
the test of experimental proof Harrison excised a fragment from the 
spinal cord of an early tadpole and kept the fragment alive in a drop of 
lymph suspended from a cover-glass. Placing the cover-glass under a 
nucroscope, he had the satisfaction of observing the outgrowth of pro- 
cesses from the cornual cells to form the nerve fibres of the anterior 
root. Thus began the practice of keeping fragments of developing and 
growing tissues alive in artificial media — ^the practice of “ tissue culture.” 
By this method fragments of the embryonic heart and of other organs 
and tissues can be studied in their living state through many generations 
and their behaviour \mder varying conditions noted. In applying the 
methods of tissue culture to their subject, embryologists did but copy 
methods which bacteriologists had invented much earlier for the study 
of living micro-organisms [21]. 

By 1912 the late Prof. A. Braehet, of Brussels, had succeeded in keepmg 
the blastoderm of the rabbit alive until the amnion was formed [22], 
Since then the segmenting egg of m&i^y mammals, including that of man, 
has been kept alive until a morula mass has been formed. Many parts 
of the chick embryo have been excised and tbeii development in artificial 
media noted. In 1926 Sttangeways and Fell succeeded in keeping alive 
the part of the fore-brain which gives rise to the optic cup until a complete 
eye was formed. The membranes of the hatching egg oficr a very good 
soil for the culture of embryomc grafts. Murray and Huxley grafted 
various parts of early limb buds on the chorio-allantoic membrane of the 
chick and found that each part produced the skeletal element proper to 
It. At a very early stage of development the parts of the future limb 
are already localized in the bud (see p. 593). 

Transposition oi Viscera. — Clinicians occasionally come across patients 
in whom the apex of the heart lies in the right side of the thorax. In 
such cases the great vessels are also transposed, the arch of the aorta 
crossing to the right, while the superior vena cava and right auricle arc 
on the left. With transposition of the thoracic contents, it is usual for 
the contents of the abdomen to hear them company, liver, pylorus, 
duodenum and caecum being placed on the left side of the abdomen, 
while spleen and descending colon ate on the right. Experimental 
embryologists have thrown a certain amount of light on this strange 
anomaly, Spemann excised the dorsal ectoderm of the developing 
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egg of a triton — ^the ectoderm whicli in due course would have been 
converted into brain and spinal cord. He replaced the excised piece, 
reversing it so that the caudal end occupied the situation of the cranial 
end. Nevertheless the brain developed in its normal situation — at the 
anterior end of the embryo — ^but the heart, vessels and abdominal con- 
tents were transposed. Further experiments led Spemann to suppose that 
the normal asymmetry in the arrangement of the contents of the thorax 
and abdomen was due to a dominance of the left half of the blastoderm 
over the right. If early dominance passed to the right half, then partial 
or complete transposition resulted [23]. A similar transference may 
occur between the right and left halves of the body. The majority of 
people are right-handed, dominance being in the right side ; in left- 
handed people, who make up 2% of the total population, dominance is 
in the left half. As in transposition of the viscera, the transference of 
“ handedness ” may be partial or complete [24]. 

Duplication and Atrophy of Parts. — Parts of the body which arise as 
outgrowths, such as a digit, hand, foot, penis, nose, etc., may undergo 
duplication to a greater or lesser degree. In such cases we suppose that 
the group of cells which gives rise to such a part undergoes division or 
dichotomy, just as the growing-point of a stem may undergo branching. 
Transplanted limb-buds often divide ; the regenerated tail of a newt is 
often double. We are dealing here with the same problem as in the 
production of twins ; if the dominant centre of growth loses control, as a 
result of being subjected to injurious conditions, then it may be replaced 
by two separate centres. If the injury is so great that the growing 
centre is killed or starved then the part fails to develop. The limbs 
may be represented by fleshy papules ; certain parts of hand and fore- 
arm, foot and leg may be absent ; the external nose or the lower jaw 
may remain a mere rudiment. The immediate cause of such growth- 
failures in hmnan embryos has not been discovered, but light is thrown 
on some of them in the paragraphs which follow. 

In Fig. 55 are depicted two congenital malformations of the face ; 
A shows the condition known as Cyclops, where the eyes are fused to a 
greater or less degree in the midline of the face ; in B another kind of 
malformation is represented, one in which there is a failiue in the develop- 
ment of the lower parts of the face, especially of the upper and lower 
jaw or mandible. The failure may be slight or so severe as in Fig. 
55. B, where the mandibular arch may be said to be absent. • When the 
suppression of parts is as complete as in Fig. 55, B, where the right and 
left external ears fuse where a chin ought to be, the condition is known 
as Otocephaly. 

Experimental embryology is throwing light on those obscure but not 
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uncommon malformations of the face. Experiments have proved that 
the cells which give rise to the cartilage of the mandibular arch (Meckel’s 
cartilage) and to the trabeculae and palato-quadrate cartilages of the 
base of the skull are developed in the margin or crest of that part of the 
medullar 7 plate which gives rise to the fore-brain. At an early stage of 
development these cartilage-forming cells migrate from the margms of 
the fore-brain plate to take up their facial stations. If, then, the 
developing margin of the fore-brain is exposed to noxious conditions, 
such as X-ray or other forms of radiation, to chemical substances, or to 
unusual degrees of temperature, the cartilage-forming cells are arrested 
in their migration or perish, with the result that facial development is 



FlO. 05 

A. I'aceorsfoUtinie child, sbo«(os tb«coaditioakoown as Cyclops, a, Single tubular 
nose , b. fused eyes ; e, reduced mouth 

D. Face of a fulltime child showing the condition knovu as Aguathla. a. Lips and 
mouth, b, buccal canty, e, dbrous repmentative of the mandibular arch, d, 
right externa) ear and meatus; r, rudiment of jugal arch. 

arrested. The earlier the stage of development at which the noxious 
agent is applied and the more severe the application, then the greater 
IS the degree of facial deformation. In Cyclops the incidence of damage 
falls on the anterior grooving margin of the fore-brain plate [25}, 
Intrauterine Amputations and Anmiotic Adhesions . — A monograph 
published by Dr. G. L. Streeter [26J throws a new light on the nature of 
certain pathological bands of coimective tissue — passing from the foetus 
to the amnion and known as amniotic adhesions — and also upon the 
manner in which limbs are “ amputated ” within the uterus. An 
example of an amniotic band is shown in Fig. 56 ; it binds an unenclosed 
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mass of cerebral tissue on the bead to the inner membrane (amnion), on 
the placenta. To understand the nature of this band it is best to con- 
sider first the “ amputation ” of foetal limbs. In Fig. 57 are reproduced, 
from Dr. Streeter’s drawings, sections of the right and left hand of a 
7th-month foetus in which several digits have been lost by “ amputation ” 



and in which surviving digits are bound by bands of the same nature as 
amniotic adhesions. Clearly the condition seen in these two foetal 
hands has many close resemblances to the necrosis which follows a 
circulatory failure in the hands of adults — as a residt of frostbite or 
occlusion of the main arteries of the arm. It seems highly probable 

Necrotic Areas. Adhesions. 



that such intrauterine amputations, amniotic bands and adhesions 
may be the result of circulatory failure in the foetal tissues — due to a 
breakdown in the placental circulation. The effects of circulatory 
failure in the embryo and foetus difier from those which are seen in the 
adult for two reasons : (i) the foetus is surrounded by a warm cultural 
medium — ^the amniotic fluid ; {ii) the foetal tissues withstand lack of 
oxygen and of nourishment much better than adult tissues. When the 
circulation is cut ofi from an adult hand it dies and presently a ring forms 
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at the junction of dead and living tissue— a ring at which the living 
tissue throws ofi or “ amputates ’* the dead. When the circulation fails 
in a foetal limb a ring of amputation is formed, but as the lymph exudes 
at this ring it is invaded and organized by fibro-blasts. In this way 
constricting rings of fibrous tissue are formed at sites of amputation. 
The part beyond the constricting ring may drop off and amputation is 
•thus completed. More frequently part of the limb distal to the con- 
stricting band survives, as in the hands shown in Fig. 57. Not only the 
limb-buds but all actively growing tissues may be the sites of foetal 
necrosis. For example, circulatory failure may occur when the medullary 
folds which arc to form the brain and its coverings are in process of 
union, resulting in the outpouring of organized lymph and the formation 
of such a band as is shown in Fig. 56. Many congenital linear scars of 
the face and of the head are manifestations of this plastic disorder of 
early foetal life, which may be named dysplasia focialis [27]. Tags of 
skin are often formed along the site of facial scars. 

More remarkable still is the fact that this foetal disorder can be 
produced in rats and mice by experimental means and that a certain, 
proportion of the progeny of such animals will inherit the disorder. 

Injory to the Germplasm. — In 1924 Bagg and Little [28] instituted 
experiments which throw light on the hereditary nature of some mal- 
formations of the human body. They submitted the ovaries of mice to 
doses of X-rays ; such mice produced progeny amongst which many 
s\iffered from malformations — club foot, polydactyly, etc. These 
deformed mice, although they themselves bad not been submitted to 
X-rays, produced a high proportion of malformed young, showing that 
the chromosomes of the germ cells can hand on changes originally 
produced in them by artificial means. 

Knowledge relating to deformed and monstrous foetuses is known as 
Teratology. Meutiou will be mode of the eommouer developmental 
malformations as we deal with the re^ons of the body in which they occiu. 

Notes and Refebeitces 

[1] As regards the Buhject-matter of Chapter IV, two changes must be noted 
since the appearance of the last edition. The first of these is the death of Prof. 
Hans Spemann ; he died on September 27, 1941, aet. 72, regretted by embryologists 
in every part of the world. The second matter which requires note is the rapid 
expansion of the field of experimental embryology : it has grown far beyond the 
srope of a single chapter. Hence my readers in search of recent literaturo and 
^covery must consult such works as EnAryomc Development and Induction, by 
(Oxford, 1938) ; The Elementa of Experimental Embryology, by Huxley 
1^^1934 ; and, above all, Bioehemietry and Ilorphogeneeis, by Joseph 

For recent accounts of teratomatora tumours, see : Nicholson, G. W., Ouy's 



CHAPTER V 


AGE CHANGES IN THE EMBRYO AND FOETUS 

In Chapter I, having followed the developmental changes in the human 
embryo during the first 5 weeks, when it had reached a crown-rump length 
of 5 mm. (1 /5 in.) and the condition of parts shown in Fig. 58, we had to 
break away in Chapters II, III and IV to note the manner in which it 
effected a lodgment in the uterus and to examine certain processes which - 
give rise to fundamental parts of the embryonic body. In this chapter 
we return to trace the further history of the embryo, to watch it becoming 
transformed into a foetus and to register the subsequent changes during 
the 9 months it spends in its mother’s womb. 

In recent years our knowledge concerning the rate at which the hmnan 
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NAT: SIZE 

Fig. 58. Outline of a Human Embryo 6 mm. in length and in the 5th week of develop- 
ment, (Magniflc. 6 diams.) (Eeconstructed by Prof. Keibel and Dr. Blze.) 

embryo grows and the stages through which it passes week by week has 
become more accurate. The late Prof. Mall collected facts relating to all 
cases where the age of an embryo had been ascertained and by tabula- 
ting his data was able to estimate the size and stage of development 
reached by an average human embryo week after week [1]. His main 
results, so far as concern the first 2 months, are set out in Fig.. 59, taken 
from an article written by his distinguished pupil, Prof. Herbert Evans. 
Six stages of development are represented: at the end of the 3rd, 4th, 5th, 
6th 7th and 8th weeks. Under each embryo is given the mean length 
it should reach at a certain date, but it has to be remembered that the 
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rate of growth varies in embryos and foetuses just as in children, and 
that some will be precocious while others will be backward. The 
measurements relate to fresh specimens, for when embryos are preserved 
and prepared for microscopic examination they shrink in size. It is 
convenient to regard 3 mm. as measured from the crown to the rump 
of the embryo as Tnarlnug the end of the 4th week, and 5 mm. as an 
index of the end of the 5th week of development. In the 6th, 7th and 
8th weeks the embryo adds almost one millimetre to its length daily, 
being about 25 mm. (1 in.) at the end of the 8th week. Hence we may 



iio. 69. Series of six dta^mes lUustratbs Ute stages of growth from tho end of the 
3rd week to the end of the 8th. In a corner of the figure b a dUgram to Ulostrate 
the rate of growth of the chorionic vesicle at corresponding dates (Prof. H. M. 


readily estimate the age of an embryo or foetus under 25 mm. in length 
by regarding the first 5 mm. as representing 35 days’ growth and adding 
a day for every additional millimetre of its length. For example, the 
age in days of an embryo measuring 15 mm. in length would be estimated 
thus : 5 mm. = 35 days -j- 10 for the additional 10 mm. = 45 days. 
In the 9th, 10th, 11th, i2th, 13th and 14th weeks — up to the end of the 
3rd month— when the crown-rump length amounts to 100 mm. (4 in.)— 
the daily rate of growth is approximately 1-5 mm. From the end of the 
5th month the crown-rump length of a foetus stated in millimetres is 
an approximate expression of its age in days (Jordan). 

External Changes in the 6th week. — ^As may be seen by comparing 
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Fig. 58. Outline of a Human Embryo 6 mm. in length and in the 6th week of develop- 
ment. (Magniflc. 6 diams.) (Beconstructed by Prof. Keibel and Dr. Elze.) 


embryo grows and the stages through which it passes week by week has 
. become more accurate. The late Prof. Mall collected facts relating to all 
cases where the age of an embryo had been ascertained and by tabula- 
ting his data was able to estimate the size and stage of development 
reached by an average human embryo week after week [1]. Hip muin 
results, so far as concern the first 2 months, are set out in Fig.. 59, taken 
from an article written by his distinguished pupil. Prof. Herbert Evans. 
Six stages of developmentare represented: at the end of the 3rd, 4th, 5th, 
6th 7th and 8th weeks. Under each embryo is given the mean length 
it should reach at a certain date, but it has to be remembered that the 
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leg, and a plate-like liand and foot. In point of differentiation the fore- 
limb is always in advance of the hind. At the close of the 6th week the 
first appearance of webbed digits can be detected, and at the same time, 
when the length of the embryo is about 11 mm., the tail reaches its 
Tnn YiTnnm development (Fig. 60) ; in the 7th .week retrogression has 
already set in. The umbilical cord becomes lengthened and more clearly 
differentiated in the 6th week ; between the attachment of the cord to 
the ventral wall of the embryo and the gill-formation of the primitive 
pharynx is seen the bulging eminence of the heart (Fig. 58) ; below the 
heart eminence, as may be seen in Fig. 60, there appears in the 6th week 
a second eminence, that caused by the developing liver. 

At the beginning of the 6th week cartilage is being formed ; towards 
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the end of that week centres of ossification make their appearance. 
Although the spasmodic motions of the foetus, known as “ quickening,” 
do not occur until the 5th month, even in a foetus of the 6th week certain 
unregulated movements can be elicited [3J. 

Embryo-Foetus. — ^During the 7th week the embryo becomes a foetus — 
the transformation being well shown in Fig. 59, In its crown-rump 
length the embryo expands from 11 to 17 mm., but the characteristic 
changes arc seen in the face, head and limbs. An early stage of the 7th 
week is shown in Fig. 61 ; the basal parts of the face ore being laid down. 
Under the eye are seen the nasal processes carrying the open nasal 
cartties backwards into the region of the mouth, while growing forwards 
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Figs. 58 and 60, tLe 6th week constitutes a period of rapid transformation. 
Not only does the length of the embryo increase from 5 mm. to 11 mm. 
but there are very definite changes in the form of its external parts. At 
the end of the 5th week the gill-arch system of the primitive pharjmx is 
at its height, four arches being distinguishable ; in the 6th week the 3rd 
and 4th arches sink into a pit in the neck — ^the cervical sinus — (Fig. 60), 
while the 2nd or hyoid arch grows backwards over the pit and thus hides 
the hinder arches [2]. Here we are witnessing the closing in or opercula- 
tion of the branchial arches — as it takes place in gill-bearing vertebrates. 



KAT.SIZt 

Fig. 60. Outline of a Human Embryo 10-4 mm. long ami in the 6th week of develop- 
ment. (Magnific. 5 diams.) (After Broman.) 

Even at the close of the 6th week the face is represented merely by a 
forehead filled out by the relatively small fore-brain vesicle ; behind and 
under the forehead are seen the nasal, maxiUary and mandibular pro- 
cesses which will give rise to the face proper. All of these elements have 
made headway during the 6th week (Figs. 58, 59, 60). The head region 
even ha the 6th week is stili tubular in form ; the mid and hind brains 
form the greater part of the central nervous system, for the cerebral 
vesicles have as yet only begun to grow out from the fore brain. The 
limb-buds, which in the 5th week were still undemarcated into segments, 
now show their three primitive parts — ^upper arm and thigh, forearm and 
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if by a month we mean 30 day s— 270 days in all— vre are as near the truth 
as our present evidence will take us [4]. jSIedioal men can seldom dis- 
cover the exact date of conception and hence to get a fixed po’mt for a 
reckoning they begin their estimate counting from the Ist day of the 
mother’s last menstrual period, and taking this day as a fixed point, 
count that parturition will take place 280 days hence. The most 
common time for ovulation to occur is the 15th day of the sexual cycle, 
taking the 1st day of menstruation as marking the hegmning of the cycle. 
If we accept the 15th day as that of conception as well as of ovulation, 



then we must deduct the preceding 14 days from 280 to find the period 
of gestation. The period of gestation is thus 266 days. The 266th day 
is the bull’s-eye at which Nature aims, but even the best of marksmen 
make “ inners ” and “ outers,” and it is so in all of Nature’s shootings. 
She is ever subject to the law of chance ; hence in all developmental and 
growth manifestation we meet with variation round a mean. 

By the 266th day the foet;^ has attained a weight of about 7 lb. and a 
height, if we measme from crown to rump (sitting height), of 336 mm., 
but if we include the lower cxtienuties (standing height) the measure- 
ment is 500 mm. (nearly 20 in.). Ossific centres have appeared in the 
distal end of the femur and proximal end of the tibia.. Usually, too, 
centres have appeared in the head of the femur and in the head of the 
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beneath the eye are to be observed the maxillary processes which will 
provide the bases of the upper jaw. Still farther back in the pharynx 
(Fig. 61) are seen two comparatively small processes — ^the mandibular 
(1st arch) and hyoid (2nd arch). Behind the hyoid arch there is a 
depression marking the cervical sinus. By the end of the 7th week the 
nasal, maxillary and mandibular processes have united to form a 
relatively small face ; at the upper end of the postmandibular cleft has 
appeared the rudiment of an ear. The changes in the head itself are 
also apparent ; at the end of the 7th week the cylindrical cranial form 
is being replaced by one more distinctly globular ; the forehead in 
particular has become enlarged. These changes are due to the rapid 
expansion of the cerebral vesicles during the 7th week. The changes in 
the limbs are also very evident ; they are now folded on the belly-wall, 
pahn towards pahu and sole towards sole ; the digits are demarcated. 
The tail is disappearing. The head is no longer bent forwards with the 
forehead touching the root of the umbilical cord, but is lifted up, for the 
embryonic flexure of the cervical region is being undone and a narrowing 
of the post-cranial region to form a neck becomes apparent. The heart 
is now completely divided into right and left chambers and the growth 
of the neck is lifting the pharyngeal region away from the heart. With 
these changes in the facial region, in the head, neck, limbs and heart the 
embryo of the 6th week becomes the foetus of the 7th. One other very 
important event also characterizes this stage of transformation : the 
cellular blastema of the skeleton is now changing rapidly into cartilage and 
into bone. It also becomes possible to distinguish the ovary from the 
testicle. 

Changes in the 8th week. — At the end of the 8th week the crown- 
rump diameter measures about 25 mm. (1 in.). The changes of this week 
are a continuation of those we have just described (Fig. 62) ; the nasal 
and maxillary processes have fused to form the upper face ; the upper 
lip is completed, but the palatal processes have not yet separated the 
buccal from the nasal cavities. The cerebral vesicles are expanding 
rapidly backwards ; the neck is being differentiated and the limbs are 
making progress. The rudiment of the external genital organs is 
apparent, but as yet gives no clue to sex. The intestinal loop lies 
within the root of the umbilical cord. The intestinal loop wiU be with- 
drawn about the 10th week ; in the same period movements appear in 
the limbs. Henceforward, until the end of gestation, the chief changes 
are those of growth. 

The FuU-Time Foetus . — "We speak of the period of human gestation — 
the time spent by the hmnan young in the uterus of the mother, pre- 
paratory to an independent existence- 
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after the menarche or catamenia in -women and after puberty in the 
male. There is a period of growth (12-14 years) -when girls are taller 
than boys of the same age. In the body of adults the length of the 
upper extremity is, in the mean, 88% of the length of the lower ; there 
is a stage in foetal development when the upper extremity is the longer, 
being 125% of the lower (Devonport). Growth — the production of new 
tissue — in lung, liver, kidney, ^leen, stomach and bowel — goes on 
throughout adolescence, but much has yet to be discovered before we 
can say when our various organs reach maturity. The human brain 
attains its greatest weight in the 19th year [8], 

Childhood and Adolescence. — In recent years measurements have been 
made of the growth of the body in childhood and in adolescence of peoples 
in all parts of the world. In some instances the same groups have 
been measured and recorded year after year, from infancy to adolescence. 
Such examinations have revealed that each child has its own rate and 
rhythm of growth and that the results obtained from measurements of 
large groups can be expressed only by statistical methods. These 
measurements have proved that there has been a continuous increase of 
stature in the peoples of Europe and North America during the past 
seventy years [9]. 

Table ol Growth. — It is impossible for anyone to remember the dimen- 
sions reached during the various stages of foetal development and growth, 
but it is often convenient to have a table of measurements for reference. 
The one given here was prepared by the late Prof. Mall [1] : 


CsowN-RuMr 

Staudihg 

Aqeik 

Age in 

LsNoxn. 

Height. 

Weeks. 

Days. 

ro mm. 



3 

21 

2*6 „ 

— 

4 

28 

6-5 „ 

— 

5 

35 

11 .. 

— 

6 

42 

n „ 



7 

49 

25 „ 

— 

8 

56 

32 .. 



9 

63 

43 

— 

10 

70 

63 „ 

— 

11 

77 

68 „ 

— 

12 

84 

81 „ 



13 

01 

100 „ 

149 

14 

98 end of 3rd month. 

III 


15 

105 

121 



16 

112 

134 „ 

— 

17 

110 

145 

. 223 

18 

120 end of 4th month. 
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Immerus [5]. It sometimes happens that birth takes place at the end 
of the 7th month, when the foetus weighs between 4-5 lb. and in its 
standing height measures 400 mm. or less, its sitting height being then 
about 265 mm. In such premature children, who have always a defective 
heat-regulating mechanism, it will be observed that the tips of the nails 
just reach the ends of the nail beds, whereas in the full-time child the 
nail edges are free and projecting. The full-time child has also an out- 
crop of hair on the head ; lanugo — ^foetal hair — can be detected on 
various parts of the body. The hair tips which break on the surface of 
the skin about the end of the 4th month may be plentiful on the scalp 
at the end of the 7th, but the skin is then of bright lobster-red, the 
subcutaneous tissue is less stored with fat and the sebaceous covering, 
known as the vernix caseosa, forms a thin and unequal coating [6]. 

Comparative Rates of Development and Growth. — ^It is of interest to 
note how man stands to other animals in rate of development and of 
growth. The period of gestation in the mouse is 21 days ; its young are 
born nude and blind. In the guinea-pig the period is nearly three times 
as long — 62 days ; its young are bom fuUy furred, with senses and limbs 
well developed. The newly born guinea-pig has reached a stage of 
ossification equal to that of a child eight years of age. The mean period 
of gestation in the rhesus monkey is 164 days ; its milk teeth are cutting 
at birth ; maturity is reached in the 7tli year. In anthropoid apes, 
taking the chimpanzee as an example, the mean period of gestation is 
236 days, 30 less than in man. The infant chimpanzee, at the end of its 
first year, although it weighs only 3 lb. at birth, has reached a stage of 
ossification corresponding to that of a human child between two and 
three years of age. Growing at about the same rate as a human child 
until the 8th year, its body suddenly rushes toward maturity, which it 
attains about the 11th year. The male chimpanzee then weighs about 
the same as an average man. In the evolution of the human body all 
three periods — ^foetal, infantile and adolescent — ^have been prolonged, 
especially that of adolescence [7] (Wingate Todd). 

Heterochrony. — We have been disciissing the different rates at which 
the bodies of man and ape mature. When we look into the development 
and growth of the parts and of the tissues of the body we find that they 
too manifest heterochrony, i.e. varying rates in reaching matmity. 
The eye and the internal ear have done most of their growth by the end 
of the 2nd year ; in a foetus of the 8th week the head is equal to 45% of 
the weight of the body. By the end of the 6th year the hmnan brain 
has reached 90% of its final size. The lymphatic system reaches its 
greatest relative growth in childhood, wfiile the sexual system is latent 
until puberty (14-16 years). The secondary sexual characters develop 
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[43 Eden, T. Watts, lancet, ]923» i, 1190; AsdelJ, S. A„ Jour, Amtr. Med. 
Ass., 1927, 89, 509. ^ also references under note [7]' 

[5] References to the literature dealing Trith dates at which centres of ossification 
appear are given on p. 647, note [18]. 

[6] Scammon and Calkins, The Development and Growth of the External 
Dimensions of the Buman Body, 1929 ; Scammon, R. E., Anat. Bee., 1937, 68, 
222 (nomographs of foetus and child) ; Waheed, A., ZtitstE. Anat. u. Enlwtck., 
1937, 106, 658 {anatomy of thoracic organs at birth). 

[7] For literature on life-periods of man and of ape, see Hartman, C. G., Contrib' 
Emb., 1932, 23, i (of rhesus monkey); Zuckennan and Parkes, Proc. Zool. Soc. 
Land., 1932, p. 140 (baboons) ; Elder and Yerkes, Proe. Roy. Soc., 1936, 120 (B), 
409 (chimpanzee) ; Schultz, A. H., ContrBt. Emb., 1937, 27, 717 (for periods in 
monkeys, apes and men) ; Todd, T. W., Amer. Jour. Dis. Child., 1932, 43, 633 j 
Brandes, G., Zool. Gart., 1931, 43, 39 (growth of anthropoid apes). 

(.8) Lucas Keene and Hewer, Lancet, 1923, 1, 1054 (maturation of tissues) ; 
Davenport, C. B., Proc. Nat, Acad. Sc., 1934, 20, 359 (growth in proportions of 
limbs); " . - - . ^ ^ ... 


;9 (rates of growth 
fgrowtb in tissues 

and o^ns) ; for literature on heterochrony, see references to works by Husley 
and Be Beer, and by Needham, Chapter IV, cote [1]. 

[9] Eleming, R. IL, Med. Resear. Coun. Spec. Rep., 1933, No. 390 ; Todd, T, W., 
Atlas of Skeletal Maturation, 1937 ; Bla^an, K. B., Oroteth and Development of 
«Ae CAtM, 1033 } Meredith, H.V.,TAeBAjrtJlJno/PAj/4»calffrotrtA, 1935; Eandbueh 
der Anatomie des Eindes, edited by Karl Peter, 1936 ; Cfrowth and Development 
the Child (IVhite House Conference, 1933) ; Harris, H. A., Memorandum to Coni', 
mitiee on Infant Schools (HAI. Stationery Ofijce, 1933); Simmons and Todd, 
Growth, 1938, 2, 93 (dentition and growth). 
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Ckown-Rtjmp 

Standing 

Age in 

Age in 

Length. 

Height. 

Weeks. 

Days. 

157 mm. 

— 

19 

133 

167 „ 

— 

.20 

140 

180 „ 

— 

21 

147 

192 „ 

295 

22 

154 end of 5th month. 

202 „ 

- 

23 

161 

210 „ 

— 

24 

168 

220 „ 

— 

25 

175 

230 „ 

331 

26 

182 end of 6th month. 

237 „ 

- 

27 

189 

245 „ 

— 

28 

196 

252 „ 

— 

29 

203 

265 „ 

400 

30 

210 end of 7th month. 

276 „ 


31 

217 

284 „ 

— 

32 

224 

293 „ 

— 

33 

231 

301 „ 

443 

34 

238 end of 8th month. 

310 „ 


35 

245 

316 „ 

— 

36 

252 

325 „ 

— 

37 

259 

336 „ 

500 

— 

270 end of 9th month. 


Notes and Refebenoes 

[1] I hare retained Prof. Franklin Mall’s table of dates and measurements 
originally published in the American Journal of Anatomy (1918, 23, 397). 
Dr. George L. Streeter, who succeeded Prof. MaU as Director of the Department of 
Embryology of the Carnegie Institution in 1917, is preparing (1945) a new table 
based on a greater assemblage of data than was available to his predecessor. In 
preparing his new table Dr. Streeter rightly insists that the best guide to the 
age of an embryo is not its size but its degree or stage of development. He has 
already published {Contrib. Emb., 1942, 30, 213) accounts of two stages. Stage XI, 
Embryos with 13-20 somites (23-25 days) ; Stage XU, Embryos with 21-29 
somites (26-27 days) ; his len^h measurements are slightly greater than those 
given by Prof. MaU. 

The stages distinguished by Dr. Streeter are the following : I, Ovum ; II, Seg- 
menting ovum ; m. Free Blastocyst ; IV, Implanting Blastocyst ; V, Implanted, 
non-viUous Blastocyst ; VT, Primary villi appearing ; VII, Germ-disc formed, 
vUli branching ; Vlil, Primitive node and streak appear ; IX, Neural folds and 
notochord appear ; X, Early somites, 1-13 ; Stages S, XII, as above ; XHI, AU 
somites formed (28 days, length 4r-5 mm.) ; XTV, Lens vesicle has appeared, 
length, 5'5-8 mm., age 29 days. 

[2] For Prof. J. E. Frazer’s interpretation of cervical changes, see Chapter XVIII, 
p. 349. 

[3] CoghUl, G. E.', Archiv. Neur. Psych., 1929, 21, 989 ; Windle and Fitzgerald, 
Jour. Ccmpar. Neur., 1937, 119, 493 ; Snyder and Rosenfeld, Amer. Jour. Physiol., 
1937 119 153 (prenatal respiratory movements) ; 'Baxcrofk, Sir J., Jour. Physwl., 
IQSe' 87 *73 (foetal movements in sheep ) ; Harris, H. A., Jour. Anat., 1937, 71, 
516 I Barcroft, Sir J., Researches on Pre-Natal Life, 1947. 
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spinal coluton of man, althongh similar to that of the anthropoids, 
sho'ws many pecnUar adaptations to his manner of locomotion. 
These adaptations become especially manifest as the child learns to 
walk [1], and are best realized by a survey of the pyramids and curves 
of the spine. 

Pyramids oi the Spine.— The ^ine, when viewed from the front, is 
seen to be made up of four pyramids : (f) Cervical ; (») upper dorsal ; 
(tVi) dorso-Iumbar ; (iv) sacrococcygeal (Fig. 63). The bases of the 
two upper pytamida meet at the disc between the 7th cervical and 1st 
dorsal vertebrae ; the bases of the lower 
two at the disc between the 6th lumbar 
and 1st sacral vertebrae. Tbe apices of 
the two middle pyramids meet at the 
disc between tbe 4tb and 6th dorsal 
vertebrae, which have therefore the 
narrowest bodies of the vertebral series. 

The nanowing in the upper dorsal region 
is due to the fact that the weight of the 
upper half of the trunk is partly borne 
by, and transmitted to the lower dorsal 
region, by the sternum and ribs, which 
thus relieve the spine to some extent 
(Fig. 63). At the sacrum the weight is 
transferred to the pelvis and lower limbs, 
hence the rapid diminution of the sacrum 
and coccyx. A well-marked thickening 
or bar in each ilium runs from the 
auricular surface to the acetabulum along 
the pelvic brim and transmits tbe weight 
to the femora. 

Curves of the Spinal Column.— There is 
only one curve — an anterior concavity — 
until the 3rd month of foetal life (Fig. 

64, A). About the beginning of the 4th month the sacro-vertcbral 
angle forms between the lumbar and sacral regions (Fig. 04, B). Soon 
after birth the cervical and sacral curves have appeared, but the sacral 
not to a pronounced extent (Fig. 64, C). The lumbar Curve appears 
as the child icatns to walk. It is produced to allow the body to be 
brought vertically over the lower extremities. The sacral and cervical 
curves also become at that time more marked {Fig. 64, B). The dorsal 
curvature, the flerdbic cerr-ica! bend and the sacto-vertehral angle are 
pnmary curves and arc present in all mammals. The others are 
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THE SPINAL COLUMN AND BACK 

Stages in the Development of the Spinal Column. — ^In previous chapters 
the main facts relating to the development of the human body during the 
1st and 2nd months have been briefly sketched.' We now tmn to the 
consideration of particular parts of the human body, and naturally take 
up first the vertebral column — ^the main axis of the body. The most 
primitive form of axial support, the notochord, begins to appear in the 
human embryo during the latter part of the 3rd week and is completed 
by the end of the 5th. In amphioxus the notochord forms a permanent 
structure ; in all vertebrate animals it is replaced by a segmented or 
vertebral axis. In the evolution of the spinal column three stages are 
recognized ; (^) one in which the skeletal segments are composed of 
cellular or mesenchymatous tissue ; (ii) a cartilaginous stage, in which 
the cells of the mesenchyme (see p. 60) become modified into cartilage- 
forming or chondrogenous cells ; (m) a final stage where the cartilage 
is replaced by bone. In the human embryo we see these three stages 
appear in succession ; at the beginning of the 2nd month the membran- 
ous foundation of the vertebra is being laid down ; in the middle of 
that month the cartilaginous change has commenced ; by the beginning 
of the 3rd month ossification has set in. In only certain groups of fishes 
is the cartilaginous stage a permanent one. 

Stages in the Evolution of the Human Spinal Column. — ^We have 
already seen that the vertebral column and its muscles appear first as a 
great flexible scull for driving the animal forward (p. 60), but in nearly 
all mammals the vertebral column comes to serve as a horizontal axis 
or arch, which is supported on the fore and hind limbs. In a small 
group, however, which includes the anthropoid apes and man, the spinal 
column no longer forms a horizontal but a vertical axis or column. 
These higher primates are upright or orthograde when they move, in 
contradistinction to the ordinary four-footed mammals, which are 
■pronograde. There is no doubt that the orthograde posture was 
evolved from the pronograde. Although the anthropoid apes are 
orthograde, yet they use their arms in locomotion, to assist their 
lower extremities in supporting the weight of their bodies. Man is also 
orthograde, but he differs from the anthropoids in supporting the weight 
of his body entirely on his lower extremities. Hence we find that the 
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establislied by selection. Sucb vettebial variations ivic frequent, and 
arc often of clinical importance. 

I. The soCTo-Iumbar.— The 25th vertebra in 95% of people forms the 
1st sacral ; in 1% the 24th, and 3% the 26th. These percentages are 
dtarm from the observations of Paterson, Hosenberg, Willis, Brailsford 
and others who have made researches on this subject [5]. The vertebral 
formula is not fixed. Rosenberg’s investigations showed (Fig. 65) that 
it is the 26th •vertebra that forms the first of the sacral series in the early 
embryo ; later the 25th throws out great lateral masses, and thus forms 
a connection with the ilia. Bardeen could not confirm Rosenberg’s 
observations ; he found that the vertebra which was to form the first 
sacral — ^whether it was the 24th, 25tb or 26th in the vertebral series — 



Fia. CS. A section of the lumbo-sscral legion of the spine in s Foetus at the end of 
the 2nd month, showing the S6th vertebra forauns the lit sscral. (After 
Kosenberg ) 

took on a predominance at its earliest appearance. In the lower 
primates (monkeys) the 27th forms the Ist sacral ; with the evolution 
of man the 26th, then the 25th underwent sacral modifications, the trunk 
being correspondingly shortened [0], The lumbar re^on of the human 
spine grows much more rapidly after birth than either the cervical or 
dorsal region, in order to form an elongated flexible pillar for the support 
ef tte upper part of the body. In anthropoid apes tbe lumbar region 
is relatively short, as in the child at birth. It will be seen that the number 
of lumbar vertebrae in man is not definitely fixed. Tbe anterior point 
of attachment of the iUvim fluctuates from the 24th to the 26th vertebra. 
H ith the sacral transformation of the 25th and 26th (lumbar) vertebrae, 
there is usually a corresponding movement forwards of the sacral plexus. 

H. Sacro'coccygeal . — ^The 30th vertebra forms the 1st coccygeal ; 
not uncommonly this vertebra is sacral in type and forms part of the 
sacrum [Tj. On the anterior or pelvic aspect of the 1st coccygeal vertebra 
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adaptations to tlie upriglit posture. The lumbar curve is most pro- 
nounced in the highly civilized races [2]. 



A 



B 



Fia. 64. Diagram of the Curves of the Spinal Column. 

A. At the 6th week of foetal life. B. At the 4th month of foetal life. C. Curves 
present at birth. D. Curves present in the adult. 


Proportion of Cartilage and Bone. — ^The intervertebral discs form one- 
third of the total height of the spine ; the proportion of cartilage is 
greater in the lumbar than in the dorsal region and greater in the dorsal 
than in the cervical. The lumbar and cervical curvatures are due chiefly 
to the shape of the discs. In the lumbar region, vs^hich is convex for- 
wards, the lower three vertebrae are deeper in front than behind. 
This is true only for the civilized races of mankind ; in native races, and 
in the gorilla, only the last lumbar vertebra is deeper in front than behind, 
and thus helps to maintain the lumbar curvature [3]. 

Unstable Eegions of the Spine [A], — ^In about 90% of men there are 7 
cervical, 12 dorsal, 5 lumbar, 5 sacral and 4 caudal vertebrae, makmg 33 
in aU. In the remaining 10% there is some departure from the normal 
arrangement and these departures afiect certain definite regions. The 
regions afiected are those which lie at the junction of one section of the 
spine with another — at the cervico-dorsal, dorso-lumbar and lumbo- 
sacral junctions. At an early stage of development all the vertebrae 
are of the same generalized type ; at a later stage the vertebra of each 
body-segment assumes its peculiar form, but it is not imcommon for one 
vertebra to assume some or all of the characters of the one before it or 
behind it. These variations represent the normal error in developmental 
marksmai^hip ; if the altered aim is advantageous it may become 



91 


THE SPINAL COLUMN AND BACK 
see the atlas or 1st cervical vertebra partly fused with the occipital 
bone, representing a tendency to add a 4th vertebra to the occipital 
series, a condition to be noted in about 1% of skulls (Cave) [9]. 

It is of interest to know that instability of the vertebral formula is 
not peculiar to the human body ; variations of the same kind and in 
corresponding regions are to be seen in primates (Schultz), in rabbits 
(Sawin) and in rats (Frcde). 

TheNotochoid. — In its primitive form this predecessor of the vertebral 
column is well seen during the larval stage of certain fishes (Fig. 50, A). 
Its manner of origin in the human embryo has been mentioned already 
(p. 52). The notochord, like the ncmral canal, is formed from before 
backwards, beginning under the mid-brain and ending in the last caudal 



Fio 67. A tcbemaUc section or an Embr}0 to eho* the scleiotome, muscle plate and 
skin plate irhich adse ftom each eesment of the paiaxial mesoderm. (Compare 
srttb Fig. 49, p. SO.) 

segment. At an early stage it forms a tube, but later becomes a solid 
rod composed of cells of a peculiar type. A sheath is formed roimd it 
by cells of the paraxial mesoderm (Fig. 67), which grow inwards and 
surround it. These cells, which provide the Sclerotomes, spring from 
the inner parts of the primitive segments or somites into which the 
paraxial mesoderm is divided {Fig. 67). At the same time the cells of 
the sclerotomes also grow up and gradually surround the neural tube. 
From these cells, which grow inwards and surround the notochord and 
neural canal, the membranous basis of the spinal column is formed and 
also tbc basi-occipital and part of the basi-sphenoid bones of the skull 

(Fig- G8). 

. What becomes o! the Notochord [10]. — ^In the 2nd month of foetal life 
the notochord begins to disappear ; the bodies of the vertebrae and 
parachordal c.artilagcs form round its sheath and constrict it. The 
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a radiment of the haemal arch is usually to be found durmg foetal 
life. The haemal arches are well developed on the proximal caudal 
vertebrae of tailed monkeys and represent developments from .the 
hypoehordal or intercentral element of a vertebra. Variations at the 
distal end of the coccyx are dealt with later (p. 569). 

III. Dorso-lumhar region . — ^This region is also liable to variation ; 
the 20th vertebra instead of forming the 1st lumbar may simulate the 
last dorsal in the type oflts articular processes, and may bear ribs, 
probably a reversion to an ancestral condition ; or, on the other hand, 
the 12th dorsal vertebra (19th) may not carry ribs. About 2% of bodies 
show the latter kind of variation, a reduction of the costal series, and 
about 6 to 8% the former kind, in which the costal series is increased 
(see also p. 99). 



Fig. C6. Diagram showing the variation in the development of the Costal Element of 
the 7th Cervical Vertebra in 72 skeletons. In A and B the costal element is partly 
fused with the transverse process ; inC, D and E it remains free. 


IV. Dorso -cervical . — The 7th vertebra may carry ribs ; rarely the 
8th vertebra has no ribs attached to it and is cervical in type. 

In Fig. 66 is represented the condition of the 7th cervical vertebra as 
seen in a series of 72 human skeletons. In the foetus the costal element 
is always apparent ; in the adult it may vanish or fuse with the transverse 
process. In about 1% of individuals it assumes the development shown 
in Fig. 66, E ; it may, in occasional cases, assume all the characters of a 
1st dorsal rib, with its anterior end implanted on the presternum. Prof. 
Wingate Todd and others have published a series of observations that 
confirm the statements made here [8]. A cervical rib may fuse with the 
costal element of the 1st dorsal vertebra, thus giving rise to a bicipital 
rib (Wood-Jones). The lower trunk of the brachial plexus crosses a 
cervical rib, and hence in such cases symptoms of nerve-pressure may 
arise. 

V. Cervico -occipital region. — ^The occipital or posterior part of the 
skull represents at least three united vertebrae. Very rarely the last of 
these may partly assume a vertebral form, but it is by no means rare to 
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overlies it to become changed into nerve cells and another hormone 
which “ induces ” the paraxial mesoderm to become differentiated into 
the tissues already enumerated [11]. 

Primitive Segments or Somites. — Somites, or protovertebrao, as they 
were formerly named, are not the forerunners of the vertebrae j they are 
the primitive segments into which the mass of mesoderm at each side 
of the neural canal and notochord divides {Figs. 22, C7). The process 
of division or segmentation appears in the occipital region at the begin- 
ning of the 4th week, and spreads backwards, in rear of the retreating 
primitive streak, until 35 or more body segments or somites are isolated. 
Each Segment, thus separated, forms its own muscles (from its muscle 
plate or myotome), has its own nerve (spinal nerve), its own cutis plate 


spinous pr 
spinal canal 
(dieck lip.(disc) 
irons, hg- 
neural arch 
transu pr 
cost pr. 

odontoid (centrum) 
hypo-chordal part. 

Fia. 70, TTte morp^olo^lcaI parts oftha lat Cervical Vertebra. 



Or dermatome, and the basis for its skeletal tissue (sclerotome) (Fig. 
G7). Intersegniental septa separate one somite from another. Ribs, 
transverse and spinous processes are formed in the interseg mental septa. 
Arteries and veins are intersegmeatal in position ; the bodies of vertebrae 
are formed by adjacent segments and are therefore intersegmental in 
origin. Hence an intercostal space with its muscles, vessels and nerves, 
with the corresponding intervertebral structures, represents a differenti- 
ated somite. 

MorphologicalParts olaVertehra,— -The constituent parts of a vertebra, 
although much modified, may be best recognized in the atlas (see Fig. 70). 
These parts are (t) the centrum, which forms the odontoid process ; 
(lO the right and (ttt) the left half of the neurol arch ; (tu) the hypo- 
chordal part, which forms the anterior arch or bow. Besides the four 
chief elements there are three secondary processes or levers, all of which 
spring from the neural arch. These are (a) spinous, (6) transverse, 
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paraoliordal cartilages are transformed into the basi-occipital and part 
of the basi-sphenoid — ^the basal part of the skull — ^behind the pituitary 
fossa. The notochord disappears in the basilar cartilage of the skull, 
Eternodj however, found the anterior part of the notochord, on the dorsal 
wall of the pharynx in the human embryo ; Kobinson has shown that in 
man the parachordal cartilages are developed in part on its dorsal aspect 
(Fig. 69). The odontoid process represents the body of the atlas with a 
remnant of the pro-atlas at its apex (see p, 97), and the suspensory 
ligament the disc between the occipital bone and the pro-atlas. A 



Pig. 68. Where Remnants of the Xotochord may occur in the adult. 

Fig. 69. The relationship of the Notochord to the basilar or parachordal cartilage of 
the human embryo. (Arthur Robinson.) 

remnant of the notochord is enclosed in the suspensory ligament. The 
centrum or body of each vertebra is formed round the notochord 
(Fig, 72, F), but only between the centra, where the intervertebral 
discs are formed, does this primitive structure persist. In the discs the 
notochord swells out and forms a considerable part of the central mucoid 
core (nucleus pulposus) which each disc contains. 

The most important function of the notochord has still to be mentioned, 
its function as an “ evocator.” As it is being laid down, first in the 
post-pituitary region and until the tail is reached, it emits a chemical 
substance or hormone which " induces ” the strip of ectoderm which 
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opposite each intersegmental septum. Hence each centrum must be 
regarded as the product of two somites. The intervertebral disc is 
situated opposite the middle of a segment (Ebner). The lateral limbs 
of the cartilaginous bow meet behind (dorsal to) the neural canal in the 
4th month, thus completing the neural arch. At the site of a spina 
bifida (see p, 128) this union fails. 

(m) Bony Stage . — ^The centrum and neural arch elements of the carti- 
laginous vertebra fuse and give rise to the condition shown in Fig. 72, C. 
In the 7th week two centres of ossification appear in the centrum, but 
quickly fuse ; one appears in each limb of the neural arch (8th week) ; 
at birth the ossific centres of the centrum and neural arch have met. 



Fig 72 ShcnioB the 8tag«3 In the deveSopmc&t of a vertebra. 

A, Jr tlic SIcmbranous Stage. B. In the CattlUgutous Stage. C, The appearance of 
0*»iBc I’ointi. X). The appearance of bccondarj Oesiflc Centres. E. The 
Epiphyseal Flates of the Centra. F. Section Oi' an Amphlcoelous Vertebra. 

The central and neural ossifications meet at the neuro-central suture, and 
unite at the 4th or Dth year, the body being formed by (t) the centrum, 
(ii) basal parts of the neural arch (Figs. 70, 72). The ossifications of 
the arch fuse behind (where the spinous process is produced) in the Isi 
J’oar. The spinous and transverso processes ate formed by outgrowths 
of cartilage into the septa between the somites or primitive segments, 
u'hcre they serve os levers on which the spinal musculature acts. The 
ribs arc also formed by outgrowths from tbe vertebrae. In the cervical, 
lumbar and sacral regions they fuse with the transverse processes, but 
m the dorsal region they remain as separate elements. In typical ribs 
the head corresponds to the intervertebral disc because, according to 
G.idow, the rib was originally evolved from an intervertebral clement. 
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(c) costal processes. In the dorsal jegion the costal processes become 
separated from the neural arches by articulations ; in other vertebrae 
they retain their continuity with the arch. 

Development of a Typical Vertebra— the 6th Dorsal [12].— (?:) Mem- 
branous Stage (5th and 6th weeks). The vertebra then consists of two 
parts, a centrum surrounding the notochord, formed from its sheath 
(Eig. 71, A), and a horse-shoe shaped vertebral bow (Fig. 71, A and B). 
The membranous centrum is intersegmental in position and is made up 
of an anterior dense part and a posterior clear part. Wybum found that 
the dense part is derived from the segment immediately in front of the 
centrum ; the clear part, from the segment immediately behind it [13]. 
The membranous vertebral bow is made up of right and left neural arches, 
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Fig. 71. The development of the Membranous Basis of a Vertebra. 

A. In transverse section. B. In horizontal section, showing the relation of the vertebra 

to the primitive segments. The section is viewed from the dorsal aspect. 
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which are intersegmental in position and become the bases of the bony 
arches. 

{ii) Cartilaginous Stage (Fig. 72) comrnences at the end of the 5th 
week or beginning of the 6th week, when the embryo is 9 to 10 mm. in 
length. The fibrous basis of the whole vertebra is transformed into 
cartilage. In each lateral half of the cellular basis of a vertebra three 
centres of chondrification appear — one for the neural arch, one for the 
costal process, and one for each half of the centrum, but those of the 
centrum soon fuse. In the process of chondrification the cells derived 
from the sclerotome are directly transformed into cartilage cells. In 
the atlas the hypochordal part of the bow becomes cartilaginous and 
subsequently ossified ; in all the other vertebrae, excepting the cervical 
segments just behind the atlas (Fig. 76), this element never passes 
beyond the membranous stage of development. It should be noticed 
(Fig. 71, B) that the vertebral bodies are formed round the notochord 



THE SPINAL COLUJIN AND BACK 97 

while that for the 1st coccygeal appears just after birth, that for the 2nd 
about the 5th year, and the others at a later date [16]. 

Occipito Cervical Somites.— In Fig. 74 is given a diagrammatic 
representation of the three occipital somites and the first three cervical. 
Only the 3rd occipital (0.3) becomes fully developed, the two others to 



Fio, 74. A diaersnimatle renresenlJiUoa of the O^irec Occipital and of the First Three 
Ctmeal Segments. (After Gaaow.) 


a slight degree. The 3rd occipital supplies the material for the greater 
part of the occipital bone. The first cervical segment may be named 
the pro*atlaatal or sub-occipital, as the nerve of this segment (Ist 
cervical) supplies the suboccipital group of muscles. Then follow the 
atlantal (0.2), and axial (0.3) segments. Intermediate to the somites 
are the centra, c, h, c, d. A centrum, as we 
have seen (p. 94), is formed from its own 
sclerotome and also from that which lies in 
front. For example, the centrum for the 
atlas (Fig. 74, h) is made up from its own 
somite (0.2) and also from the one which 
lies in front, the pro^atlantal (0.1) ; similarly 
for that of the axis (C.3). The centrum 
between 0.3 and 0.1 represents a heim- 

centrum belonging to the pro-atlantal cn^nginto Us^composltioo^^* 

segment flfil *» *• pro-atUoUl ossific centres: 

oioiatnr llOJ. S.b.fcUaTiUUwtm-, e.centram 

lu Fig. 75 is depicted the fate of flic 
ccrv’ic.'il centra just mentioned, a becomes 

the points of ossification for the odontoid process (a, a) ; 6 becomes 
the body of the odontoid (b, b) ; c becomes the; body of the axis. 
All of these somites have been modified to serv'e in the sub-occipital 
movements of rotation and of nodding. 

AUas and Axis. — ^The atlas rf^rcsents the completed bow of the 1st 
cervical vertebra (Fig. 70). The body of the vertebra fuses with the 

4 
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In atypical ribs — ^tbe 1st, 11th and 12th — the head of the rib articulates 
only with the vertebra behind its own disc. Epiphyseal centres for the 
ossihcation of the transverse and spinous processes appear between the 
3rd and 4:th years. 

Bodies of Mammalian Vertebrae are peculiar (i) in the development of 
an upper and lower epiphyseal plate ; {ii) in that no, trace of the noto- 
chord remains within them. There being 24 centra between the occiput 
above and the base of the sacrum below, there are thus 48 cartilaginous 
plates (epiphyses) at which growth of stature takes place. About the 
8th year centres of ossification appear in the periphery of each disc ; 
these separate centres unite to form a ring about the 12th year ; the rings 
become united to their centra from the 20th to the 25th year, when 
growth in stature is complete [14]. In Fishes, as in the early human 
or mammalian foetus, the bodies are hour-glass shaped (amphicoelous, 



7th week > „ 3rd Sac. in 7th month 

o. 

Fig. 73. The order in which the Centres of Ossification appear in the Bodies (A) and 
in the Neural Arches (B) of the Spinal Column. 

Fig. 12, F)', in Amphibians they may retain a concavity in front 
(procoelous) or behind (opisthocoelous), but in mammals both ends are 
filled up. 

It will be observed (Fig. 73, B) that the centres of ossification for the 
neural arches appear first at the anterior end of the spine (1st cervical), 
the date becoming later the more posterior the vert^ra. In the 1st 
sacral they appear about the 4th month ; in the 2nd sacral, in the 5th 
month or later ; in the 3rd they may not appear. In the 4th and 5th 
sacral and 1st coccygeal vertebrae only vestiges of the neural arches are 
formed. These vertebrae retain the early foetus type shown in Fig. 
72, B. In the remaining coccygeal vertebrae only the centres for the 
bodies appear. The centres for ossification of the bodies of the vertebrae 
appear first in the mid-dorsal region (6th dorsal). From that point they 
spread forwards and backwards, the centres for the odontoid process 
appearing at the 4th month and that for the 5th sacral at the 5th month, 
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the embryonic body. In lower vertebrates (birds, reptiles, etc.) each rib 
has two heads, a dorsal and ventral (Fig. 78). The tuberosity of the 
human rib represents the dorsal head ; the ventral head is well developed 
in man, as in mammals generally. The rib articulates with the neural 
arches only (Fig. 72, D). The conjugal ligament is made up of fibres 
which cross in the posterior aspect of the intervertebral disc and unite 
the heads of the corresponding right and left rib. The conjugal ligament, 
which is strong in some animals, is weak in man (Bland-Sutton). The 
transverse ligament of the atlas may belong to the conjugal series. 

Vestigial Ribs.- — Although the ribs ate only fully developed in the dorsal 
region, yet a representative — a costal element — ^is present in every 
vertebrae. In the cervical vertebrae (Fig. 70) the anterior part of the 
transverse processes represents a costal process, but only in the 6th 
(sometimes) and 7th is the costal process formed by a separate centre of 
ossification. The costal process of the 7th, usually represented by a mere 
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FiO. 78. The Bicipital Rib of a Lower Vertebrate (crocodile) 


vestige, may develop into a rudimentary or even a fully formed rib which 
reaches the sternum (see pp. 90, 580). In the lumbar vertebrae only the 
’ lat shows a separate centre for the formation of the costal process : it 
fuses tvith the transverse process in the later months of foetal life ; in 
the other lumbar vertebrae the tips or perhaps the whole of the transverse 
processes represent costal processes. The I2th dorsal rib varies greatly 
m size ; it may be six or ten inches long or reduced to a mere vestige. 
In quite of w’omen the 12th rib cannot be palpated because it does 
not project beyond the outer border of the erector spinac. 

In the Isl, 2nd and 3rd sacral vertebrae the costal processes are large 
and have their own centres of ossification. Their cartilaginous bases 
fuse early to form the greater part of the lateral masses of the sacrum. 
^ The part of the lateral mass formed by the costal processes is shown in 
Fig. 80. The costal processes are absent in the 4th and 5th sacral and 
in all the coccygeal vertebrae. The two lateral epiphyseal plates on 
each side of the sacrum are new and independent formations. 

Accessor^' processes arc found in the lumbar and lowest two dorsal 
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body of the 2nd, and forms the odontoid process, A remnant of the 
disc between the atlantal and axial centra can sometimes be seen when 
the odontoid is split open. The suspensory and check ligaments are the 
representatives of the disc between the last occipital segment and the 
pro-atlas (Fig. 74 ; Fig. 70 and 76). A nodule in the suspensory ligament 
may represent an occipital centrum (see p. 92). 

Occipito-atlanto-axial Articulations. — ^In the intervertebral discs of the 
cervical region there is at each side, between the lateral lips of the verte- 
bral bodies, a small articular cavity (Fig. 77). The cavities separate 
those parts of the cervical bodies which are formed by the neural arches ; 
the spinal nerves issue on the dorsal side of the cavities. Between the 
axis and atlas this articulation is greatly enlarged. Here the rotatory 
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Fig. 76. A diagrammatic section of the Foetal Axis, Atlas, and Basi-occipital. 
Fig. 77. The nature of the Atlanto-axio-occipital Articulations. 


movements of the atlas on the axis take place. The atlanto-oceipital 
joint, which separates the atlas and the last occipital segment, is of the 
same nature. The atlas has neither the upper nor the lower articular 
processes of the other vertebrae. Hence the 1st and Ilnd cervical nerves 
appear to issue behind the articular processes. At one time the single 
median occipital condyle seen in birds and reptiles was regarded as very 
different in nature from the double condyles of mammals. In the lowest 
Tu aTTimfllq (monotremes), the occipital condyles are fused in the middle 
line ; all foetal mammals show this condition. The articular facets on 
the upper surface of the atlas are also continuous over the hypochordal 
element. In the human skull a remnant of this median fusion of the^ 
condyles is frequently seen on the anterior margin of the foramen 
magnum ; it is named the 3rd or median occipital condyle. 

The Ribs are developed as outgrowths of the meilibranous vertebrae 
into the septa between the primitive se^ents of the thoracic region of 
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spinous ligament in the 2nd and 3rd sacral vertebrae. The 2nd, 3rd, 
4th, 5th and 6th ccrvical'spines are bifid in Europeans ; but in primitive 
races the 5th and 6th spines arc usually undivided ; rrhile in anthropoids 
all the cervical spines are uncleft [19]. 

Spondylolisthesis.*— This name is given to a strange anomaly which 
afiects the neural arch of the 6th lumbar vertebra ; occasionally it is 
seen m the 4th lumbar or 1st aacral. That part of the neural arch which 
carries the lower articular processes and the spinous process is separated 
from the rest of the neural arch which carries the upper articular process. 
In such cases there are on each side of the neural arch two separate 
centres of chondrification and ossification. When such a developmental 
anomaly occurs the last lumbar vertebra has no firm hold on the sacrum ; 
its body can slip forwards, carrying with it the whole of the superinciun- 
bent spine [20]. Why this anomaly should occur only at the distal 
end of the lumbar region has not been explained. 

Caudal or Coccygeal Vertebrae. — At the end of the 6th week, the body 
of the embryo being then about 1 1 mm. in length, the human tail reaches 
its maximum growth— projecting as a conical process fully 1 mm. in 
length and equal to about onc-tenth of the long diameter of the embryonio 
body. In the adult body the 30th vertebra is usually the first of the 
coccygeal series. In the 5th week the growing caudal point, at which 
neural canal, notochord, sclerotomes, and cloaca are all being extended 
in a backward direction, has reached and produced the 30th segment 
(Fig. 81) ; at the 6th week, 10 or 12 caudal segments have been laid 
down. I’hercafter retrogression sets in ; by the end of the 8th week 
(Fig. 81) only the caudal tip projects and the coccygeal vertebrae have 
been reduced to 4 or 5 ; while by the I3th week a depression or pit marks 
the site where the tip disappeared. The coccygeal part of the neural 
canal is atrophied and the distal part of the whole cord is retracting in 
a cranial direction [21]. The coccygeal vertebrae chondrify during the 
5th and Gth weeks ; the Ist begins to ossify just after birth, while the 
centre for the last appears about puberty [22]. A submerged tail may 
be formed [23] ; caudal development is even more reduced among the 
anthropoid apes than in the human family [24]. 

Irregular Segmentation. — As growth extends the embrj'onic plate 
backwards, laying down new tissue as it proceeds, division after division 
appears in the newly formed p.iraxiai mesoderm, thus separating it 
into Ecgracnts. Each nw segment contains a set of developmental 
potentialities which differ from the set contained in the preceding 
segment ; the segment which is supplied by the ventral root of the 
' lllth ccr\’ical ne^^■e (the llth sonute), for example, has not the same 
of potentialities as that included in the Ist dorsal (12th somite). 
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vertebrae. They are developed at the base of the transverse processes 
and are for the attachment of slips of the longissimus dorsi. Each is 
completed by a separate centre of ossification j that on the transverse 
process of the 5th lumbar may simulate a fracture in a radiogram 
(H. A. Harris) [17]. The mammillary processes, which are also completed 
by separate centres of ossification, are developed on the articular pro- 
cesses of the lower two or three dorsal and all the lumbar vertebrae. 
They give attachment to tendons of origin of the multifidus spinae. 
Prof. Wood- Jones has pointed out that these two muscular processes, 
the mammillary and accessory, are fused together in the dorsal region, 
but in the lumbar region they are separated by a groove containing the 




centrum 


FlO. 80. 

Fig. 79. Half of a let Lumbar Vertebra showing a separate Costal Element. 
ElQ. 80. A section to show the nature of the Elements composing the Sacrum. 


inner branch of the posterior division of the corresponding spinal 
nerve [18]. 

Transverse and Spinous Processes grow out from the vertebral bow 
(Fig. 72, A) into the septa between the primitive segments. Each 
transverse process is pierced, while still in the membranous condition, 
by a branch of the corresponding segmental (intercostal) artery. In 
only the cervical region do those perforating arteries and their foramina 
persist. In that region the perforating arteries anastomose, and out of 
the chain thus formed is developed the vertebral artery. Thus the 
foramina for the vertebral artery are formed independently of the costal 
element in each cervical transverse process. Spinous processes are 
absent from the 1st cervical, 4th and 5th sacral and coccygeal -vertebrae. 
They are slightly developed and united by ossification of the inter- 
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this imomaly the scapula is placed higher than usual and is bound to the 
spinal processes ot the cervieal vertebrae or to the occiput by a fibrous 
or bony band, recalling the condition found in certain fishes (selachian). 



rio. S2 Cetvleal and dorsal part* of thoSptoe ©f allumao Foetn* showing IneguJailttes 
of segmentation. 


Notes ahd Refeebkces 

[1] Por dates at which children learn to stand, walk, speak, etc.» see Variot 
and Gotevj, Ball, et iltm. Soc. d'Anth,ropd.y 1937, 8, 17. (Three out of every four 
children learn to walk after the 11th month and before the 15th.) 

[2] Blume, W., Zeitsek. Anal. u. Enlxcick., 1934, 103, 408; Bleicher and Beau, 
Compt. Rendu. Ass. Anal., 1932, 27» 37. 

[3] Canninghain, D. J., Cunningham Mtmoirs (No. 2), Royal Irish Acad., 188G ; 
Jlartin, R., ^krbuch d<r Anlhropologie, 1928 (2nd ed.). 

[4] From the 20th to the 30th day the dorsal axis of the human embryo is the 
scene of two active developmental processes ; the notochord is being formed and 
submerged and, as it is being formed, the mwjdcrm on each side of it becomes 
separated into segments or somites. This dual process begins in the occipital 
region of the head and ends in the sacro-coccygcal region. To account for what is 
seen to take place the embryologist postulates two factors. The first factor relates 
to the paraxial mesoderm ; be assumes that this tissue, at its first development, is 
endowed with certain developmental capabilities or “ competences,” these changing 
in nature os the paraxial tissues ate followed backwards in the embiyonic body. 
The second assumption relates to the notochord ; it is assumed, as it is laid down, 
to be charged with hormones which evoke local centres of differentiation in the 
blocks of paraxial mesoderm lying on each aide of it. In each local centre, or 
somite, the paraxial “ competences are called into being. One m apt to think 
of somites as so many slices cut off from the paraxial ” loaf,” the intersomitic 
sep^ or partitions being primary, whereas they are the unifferentiated tissue 
which separates the local centres of differentiation. For the bases of such 
aasamplions, see Needham's Eiochemisiry and Jllorphogenesis, 1942. 

[5] The literature on the anomalies and malformations of the human spina] 
cmamn la enormotis ; only some of the more recent papers are cited here. Knehne. 



102 


HUMAN EMBRYOLOGY AND MORPHOLOGY 


Tlie lines of cleavage separate one set of potentialities from another. It 
can therefore be understood that cleavage lines may vary in their 
incidence ; the cleft which cuts oS the 12th somite from the 11th may 
vary so that something which goes usually to the 11th somite is retained 
in the 12th, or vice versa. This example will serve to illustrate what is 
meant by normal or functional irregularity [25]. During the period of 
segmentation, or for part of that period, the embryo may be subjected 
to injurious conditions.' Abnormal ot pathological peculiarities may then 
be produced : segments may separate irregularly, so that two or three 
ribs are conjoined ; or a segment may be present on one side of the body 


LUMBAa VCBTCBft^ COCCrGEAL or CAUOAI. 



Fig. 81. A series of four figures showing the condition of the Human Caudal or Coccygeal 
ncgion at the stages indicated on the drawings. (After Kunitomo.) 

and not on the other ; half a vertebra may be missing ; the vertebrae 
of the neck may show varying degrees of fusion. With irregular seg- 
mentation of the trunk, developmental anomalies are usually found in 
the vascular and alimentary systems [26], In Eig. 82 are depicted the 
spinal column and the costal series of a foetus in which there has been 
marked irregularity in the demarcation of the primary segments. ' The 
vertebrae of the 3rd and 4:th cervical segments are fused on the left side ; 
succeeding segments show abnormalities of a similar kind. The 2nd and 
3rd ribs of the right side are unseparated. In the same foetus the pectoral 
muscles were defective. With such irregularities of segmentation of the 
cervical region, there is often combined a strange anomaly of the shoulder 
known as congenital elevation of the scapula. In children showing 
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observers find that there is a separation of the 5th neural arch in about 6% of 
cases examined. In a similar proportion of cases the neural arches of L, V, or S, 
I, fail to meet in the mid-dorsal line, a condition which has received the name 
spina hifida occulta. 

[21] For development of caudal segments, sao Streeter, G. L., Amer. Jour, 
Anat., 1919, 25, 1 ; Krmitomo, K., Contrib. Emb.t 1918, 8, 161. 

[22] For chondrification and ossification of coccygeal vertebrae, see under 
Diculaf^, R., note [16]. 

[23] Reynolds, B. J., Brit. Jour, Badid., 1932, 5, 457. 

[24] See references under Schultze, A. H., note [6]. 

[25] See note [4]. 

[26] For examples of irregular segmentation, see Harris, H. A., Jour, Anat., 
1923, 57, 76 ; Wakeley, C. P. G., ibid., 1923, 57, 147 ; Feller and Sternberg, 
Zeitsch. Anal. Eniwick,, 1934, 103, 608. In the condition described as Dysplasja 
foetahs there are often irregularities of segmentation (see Chapter IV, p. 73). 
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K. , Zeitsch. Morph, u. AntTirop., 1936, 35, 1-376 {X-ray examination of 108 pairs 
of twins, 52 of the pairs being identical) ; Brailsford, J. P., Brit. Jour. Surg., 
1929, 16, 562 ; The Radiology of Bones and Joints, 1934 ; Willis, T, A,, Jour. 
Bone Joint Surg., 1932, 14, 267 ; Kscher, H., Les Dysmorphies du Radiys, 1929 ; 
Junghans, H,, Zeitsch. Anat. EnhoicTc., 1937, 106, 625 (gives full literature) ; Shore, 

L. R., Jour. Anat., 1930, 64, 206 ; Bardeen, C. R. (1871-1935), Anwr. Jour. Anat., 

1905, 4, 163 ; Rosenberg, E., Morph. Jakrb., 1907, 36, 609. j 

[6] Keith, Sir A., Jour. Anat., 1903, 37, 18 (evolutionaiy changes in vertebral 
formulae of higher primates) ,• Schultz, A. H., Amer. Jour. Phys. Anthrop,, 1938, 
24, 1 ; Anat. Rec., 1938, 70, 70 ; Human Biol., 1930, 2, 303 (dealing with vertebral 
formulae and vertebral variations in the higher primates). 

[7] Dieulafe, R., Archiv. Anat., 1933, 16, 43 (records observations on 130 bodies, 
in 22 of which the 1st coccygeal was united to sacrum). 

[8] Todd, T. W., Jour. Anal., 1912, 46, 244 ; Wood- Jones, E., ibid., 1911, 45, 
249 ; Cave, A. J. E., ibid., 1930, 64, 116 ; Dow, D. R., ibid., 1925, 59, 166 (D, I, 
with vestigial ribs) ; Gladstone and Wakeley, ibid., 1932, 66, 334 (a similar case). 

[9] Eor reeent literature on occipito-cervical anomalies, see Bystrow, A. P., 
Zeitsch. Anat, Entunck., 1934, 102, 307 (fuU literature) ; Heidsieck, G., Anat. 
Am., 1931, 72, 113 ; Latarjet, M., Ann. d'Anat. Path., 1936, 13, 749 ; Gladstone 
and Wakeley, Jour. Anat., 1925, 59, 195; Green, H. L., ibid., 1931, 65, 142; 
Cave, A. J. E., ibid., 1930, 64, 337 ; 1934, 68, 521 ; Hunter, R. H., ibid., 1924, 
58, 140. Eor cases of partial separation of 3rd occipital segment, see Sauser, G., 
Zeitsch. Anat. Entunck., 1934, 102, 61 ; 1935, 104, 159. 

[10] See note [16], Chapter I. 

[11] See Needham’s Biochemistry and Morphogenesis, p. 160. 

[12] Eor development of vertebrae, see Bardeen, C. R., Amer. Jour. Anat., 
1908, 8, 181 ; Wyburn, G. M., Jour. Anat., 1944, 78, 94. Eor morphology of 
vertebrae, see The Evolution of the Vertebral Column, by the late Dr. Hans Gadow, 
edited by Gaskell, J. E., and Green, H. L., 1933. 

[13] Wybum, G. M., see reference imdernote [12]. 

[14] Eor anatomy of intervertebral discs, see Beadle, 0. A., Rep. Med. Resear. 
Coun., 1931, No. 161 ; Coventry and Others, Jour. Bone and Joint Surg., 1945, 
27, 27, 233 ; Keyes and Edward, ibid., 1932, 14, 897 ; MacGowan, T., Lancet, 1, 
258 (epiphyseal plates of centra) ; Cave, A. J. E., Proc. Zool. Soc. Land., 1934,' 
2, 225. 

[15] For ossification of vertebrae, see Harris, H. A., Brit. J our. Radiol., 1933, 6, 
685 ; MacGowan, T., Lancet, 1, 258 ; for ossification of coccyx, see Dieulaf4, R., 
Archiv. Anal., 1933, 16, 543. 

[16] Gadow, H, (see note [12]) ; Cave, A. J. E., Jour. Anat., 1938, 72, 621. 

[17] See Harris, H, A. (note [15]) ; Cave, A. J. E., Jour. Anat., 1936, 70, 275; 
1937, 71, 497 ; Odgers, P. N. B., ibid., 1933, 67, 301 (characters of articular 
processes of lumbar vertebrae). 

[18] Wood-Jones, F., Jour. Anat., 1912, 47, 118. 

[19] Shore, L. R., Jour. Anat., 1933, 67, 422 ; 1931, 65, 482 ; Cave, A. J. E., 
ibid., 1931, 65, 171 ; Mijsberg, W. A., Zeitsch. Anmi. EniwicJc., 1926, 79, 112. 

[20] Eor literature on Spondylolisthesis, see references under Brailsford, Willis, 
Fischer and Junghans, note [5] ; Bohart, W. N., Jour. Amer. Med. Ass. 1929, 
March 2 ; Stewart, T. D., Amer. Jour. Phys. Anthrop., 1933, 17, 123 (amongst 
Eskimo • in a series of natives from the same area this condition occurred in over 
20°/); Capener, N., Brit. Jour. Surg., 1932, 19,374,; Young, M., and Hastings 
lace J. G.,Jour. Anat., 1940, 74, 369 (examination of 510 young women). Most 
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the distribution of nerves have shown that it has a direct bearing on 
diagnosis and treatment. 

Constitution of a Typical Segment (11th Dorsal). — ^It is better to study 
the development of a typical Body segment, and from this students will 
be able to note for themselves the modifications which have taken place 
in the more highly differentiated segments of the body. As already 
explained, the process of segmentation affects chiefly the paraxial block 
of mesoderm which lies on each side of the neural canal and notochord, 
and also, to a lesser degree, the intermediate cell mass. In Fig. 84, A, B, 
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a body segment is represented in the adult and in the embryonic 
condition. 

The following elements make up the llth dorsal segment : (») Its 
skeletal basis ; (it) Muscular element ; (iii) Renal element ; 
(tv) \essels', (v) Nerves*, (ri) Neural segment; (rii) Cutis plate. 
Although the ectoderm and endodenn are never segmented, yet a definite 
area of each is associated with every body segment. The origin of each 
element will be taken separately. 

I. The skeleton of the llth dorsal segment is represented by the 
adjacent halves of the 11-12 dorsal vertebrae and the disc between them, 
for, as already pointed out, the vertebrae arc intersemnental in their 






CHAPTER VII 


THE SEGMENTATION OF THE BODY 

At the beginning of the Ath week, as we have already seen (p. 60), 
the paraxial mesoderm lying at each side of the neural tube becomes 
divided from before backwards into somites or primitive segments, their 
demarcation being evident first in the occipito-cervical region of the 
body. By the end of the 4th week the process has reached the 1st 
coccygeal segment, there being then 3 occipital and 30 body somites. 
The occipital somites soon lose their identity, but those of the body, 
although they become specialized and broken up, can still be recognized 


nth interc. neive. 



Fig. 83. Some of the Structures derived from 11th Dorsal Segjnent of the Bight Side. 


in the adult. In the preoccipital region of the head, parts are also 
arranged on a segmental plan, one which is older than the vertebrate 
segmentation of the trunk and can best be identified by the visceral or 
giU arch system of the pharynx (see p. 345). 

Segmentation of the Body. — The human body or trunk consists of 33 
or 34 segments. Each segment is fundamentally of the same type, but 
the resemblance is obscured owing to extensive modifications which the 
somites imdergo to form the cervical, dorsal (thoracic), lumbar 
(abdominal), sacral (pelvic) and caudal regions of the body. The out- 
growth of the limbs also renders it diflicult to rec’bgnize in the adult 
the simple system of segments which can be seen in the embryo at the 
end of the 4th week (Fig. 23, p. 24). 

Until lately the segmentation of the human body has been a matter of 
only speculative importance, but recent advances in our knowledge of 
^ ^ 106 
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The vcntro-lateral sheet separates into a ventral longitudinal band 
and a lateral transverse-oblique stratum. Each of these divides into an 
inner and outer primary layer ; the outer and inner secondary layers 
arise as delaminations of the primary layers, thus making four in all. 
The internal oblique and trnnsversalis and internal intercostal are 
derived from the internal primary layer ; the external oblique and 
external intercostal from the external primary layer. The rectus 
abdominis represents the deeper of the two layers derived from the 
external primary ; as we shall sec later (p. 590) its segmentation arises 
in a secondary manner. Parts of the deepest layer of the lateral sheet, 
represented in the adult by the transvemalis, have migrated inwards 
to form the suhvcrtcbral or hypaxial muscles — the quadratus lumborum, 
crura of the diaphragm, longus colli, rectus capitis anticus major and 
minor and the levator ani. ^Mien muscles migrate they carry with 
them the nerves of the body segments in which they arc developed. 
Hence the nerve supply affords a clue to the segments from which a 
muscle or part of a muscle arises [5]. The middle layer of the lumbar 
fascia is developed between the cpaxial and ventro-latcral musculatures. 

Many of the ventro-latcral muscles (trapezius, rhomboids and latissi- 
tu\^ dotsi) migrate dotsalwatds over the epaxial muscles, and take 
origin from the spines of the vertebrae (Fig. 84, A). 

Muscular fibrillae begin to form in the 6th week, appearing in the pro- 
toplasmic matrix, in which the nuclei of the myoblasts are embedded. 
The fibrillae group themselves in bundles or muscle fibres, the nuclei 
with some of the myoplasm being applied to the surface of the completed 
fibre. New fibre production goes on rapidly until the 5th month, when 
the complement for each muscle is nearly complete (see also p. 588). 
Thereafter muscles grow in size, chiefly, it is believed, by an increase in 
the size of the individual fibres. Although voluntary muscle fibres 
atrophy when their ner>'e is cut, yet myoblasts will develop into muscles 
when separated from nerve cells (Ross Harrison) or when grown in 
artificial media outside the body [IJ. 

III. Arteries of the lD/» Segment (Fig. 85). — ^Arteries arc interseg- 
mcntal in position ; hence the 11th segment has really two arteries and 
two veins — the 10th and 11th intcrcostals [6]. We shall describe the 
llth intercostal as a type. It pves off a dorsal branch to supply the 
epaxial muscles, the spinal column, spinal cord and membranes, and 
skin. The segmental artery joins at its termination with a ventral 
longitudinal vessel, the deep epigastric. The primitive arrangement in 
Vertebrates appears to have been one with a dorsal and ventral longi- 
tudmal vessel, the scgraental artery passing from the dorsal to the 
Central vessel. The vertebral, ascending cervical, deep cervical, 
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development (Fig. 71, B). The transverse processes, the spinous pro- 
cesses and 11th and 12th ribs are also formed in the septa in front of and 
behind the 11th segment (Fig. 83). The septum in the rectus muscle 
a little below the umbilicus represents the intersegmental septum corre- 
sponding to the 11th rib. Sometimes another septum occurs in the 
rectus, midway between the pubes and umbilicus, marking the lower 
limit of the 11th segment. The linea alba separates the segments of 
the two sides. 

In the linea alba, or ventral median line of the thoracic region, the 
sterniun is developed. The intersegmental septa are well marked in the 
thoracic region ; the ribs and their cartilages are developed in them. In ■ 
the neck the septa are almost lost ; the intermediate tendon of the 
omohyoid and the septa occasionally found in the sterno-hyoid and 
sterno-thyroid, complexus and trachelomastoid muscles are the only 
representatives of them in the cervical region. 

II. The Muscles of the Wth Dorsal Segment. — ^All the muscles of this 
segment are developed from the muscle plate (myotome) of the primitive 
segment (see Figs. 83 and 84). There is a cavity in each primitive seg- 
ment (Fig. 49, p. 59). The cells of the mesoderm on the inner side of 
the segmental cavity become columnar and form the muscle plate 
(Figs. 67, 84). Each segment has its own muscle plate. The cells or 
myoblasts of each plate increase rapidly in number, forming a fused mass 
or syncytium ; they spread into the somatopleure, and form the muscles 
of the body- wall and limbs (see also p. 579). In the myosyncytium, 
fibrillae and fibres are formed ; each fibre, which, although multi- 
nucleated, represents a single cell, becomes elongated and directed 
across its segment from septum to septum [1]. The intercostal muscles 
retain this arrangement [2], but in the abdominal region the fibres fuse 
with those of neighbouring segments to form muscular sheets — the 
external oblique, internal oblique, transversahs and rectus. In the 
foetus of the 5th month traces of these septa may be seen ; Bardeen 
foimd that the intercostal nerves retained their segmental distribution 
in the muscles of the belly-wall [3]. In fishes the embryonic segmental 
arrangement of the musculature persists. The manner in which the 
final groups of muscles are derived from the muscle plates is not accurately 
known, but in the typical segment with which we are at present dealing 
it will be seen that the musculature falls into two groups (see Fig. 84, A) ; 
(i) epaxial, the erector spinae, etc. ; and (n) ventro -lateral or body- wall 
muscles (intercostals, rectus, oblique muscles, etc.). The musculature of 
the limbs, although developed directly from the mesenchyme of the 
limb bud, yet in a morphological sense must be classified with the 
ventrolateral group [4]. 
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cells arise : (i) somatic motor, (ii) somatic sensory, {Hi) splanclmio 
motor, (tv) splanchnic sensory. The splanchnic motor cells for the 
greater part remain nithin the spinal cord, but many enter sjTnpathetic 
ganglia ; the sensory groups are included in the posterior root ganglia [7]. 
The nerve fibres connected vrith the somatic groups have a diameter 
varying from 9-18/i ; those with the splanchnic, 2-9/i. The somatic 
motor group, in the anterior horn, sends out processes to all the muscles 
of the primitive body segment in which it is situated. The anterior 
root of a spinal nerve is formed by the somatic motor fibres. The 
splanchnic motor cells, in the lateral horn, send out processes into the 
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A. DUKTftm of the Kene Syiteni of the llth Porsal Segment 
P A disgrani showing the deilT»Uon of the Parts of the Nerve Sj-stem of the llth 
Segment In the Nmbn'O. 

splanchnopleure which reach viscera through the white rami communi- 
cantes and sympathetic system (Fig. 86, .^1). 

The segmentation of the spinal cord, as manifested by the aerial 
arrangement of its nei^'es and ganglia, is secondary to the segmentation 
of the paraxial mesoderm. If the segmentation of the mesoderm is 
hindered or altered by experiment, then the serial arrangement of nerves 
and ganglia is also altered [8]. 

At the point where the medullary plates arc cut off from the ectoderm 
to form the neural canal, a crest, the neural crest, grows out on each side 
(Fig. 86, B) composed of the cells winch were included in the junctional 
jme between medullary plates and ectoderm. A group of these neuro- 
blasts— the .<omajic and splanehnie sensor^' cells — grovrs into each seg- 
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ascending lumbar and lateral sacral arteries are examples of the 
anastomoses that may arise between segmental arteries. 

Segmental arteries also arise from the aorta to supply the structures 
formed from the intermediate cell mass (the kidney, testis, ovary, etc.. 
Fig. 85). As a rule only one renal segmental artery persists, but fre- 
quently accessory renals are seen. These may be persistent embryonic 
vessels of several segments of the intermediate cell mass in which the 
Wolffian body and kidney arise. The splauchnopleure shows no certain 
traces of segmentation ; hence its vessels (coeliac axis and mesenteric) 
if of segmental origin have become profoundly modified. Broman has 
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demonstrated that the splanchnic arteries have the appearance of a 
segmental arrangement in the embryo (Fig. 29). During the 4th week 
there are right and left aorta, each giving ofi splanchnic branches ; in 
the 5th week fusion of the aortic trunks sets in ; later the right and left 
splanchnic branches unite. 

IV. Nerve Elements of the 11th Segment (Fig. 86). — ^Although the 
spinal cord during development of the human embryo shows no outward 
sign of being divided into segments corresponding to those of the body, 
yet from what we know of its condition in embryos of lower animals 
and from climcal evidence there can be little doubt that such a serial 
grouping does take place, and that the cord is demarcated, in a functional 
sense, into segments corresponding to those of the body. From each 
segment, extending from D.l in front to L.2 behind, four srrouns of 
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cells arise : {/) somatic motor, (ii) somatic sensory, (Hi) splanchmc 
motor, (tu) splanclmic sensory. The splanchnic motor cells for the 
greater part remain within the spinal cord, but many enter sympathetic 
ganglia ; the sensory groups are included in the posterior root ganglia [7]. 
The nerve fibres connected with the somatic groups have a diameter 
varying from 9-18/x ; those with the splanchnic, 2-9fi. The somatic 
motor group, in the anterior horn, sends out processes to all the muscles 
of the primitive body segment in which it is situated. The anterior 
root of a spinal nerve is formed by the somatic motor fibres. The 
splanchnic motor cells, in the lateral horn, send out processes into the 
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splanchnopleure which reach viscera through the white rami communi- 
cantes and sympathetic system (Fig. 86, A). 

The segmentation of the spinal cord, as manifested by the serial 
anangement of its nerves and ganglia, is secondary to the segmentation 
of the paraxial mesoderm. If the segmentation of the mesoderm is 
hindered or altered by experiment, then the serial arrangement of nerves 
and ganglia is also altered [8]. 

At the point where the medullary plates are cut off from the ectoderm 
to form the neural canal, a crest, the neural crest, grows out on each side 
(Fig. 86, B) composed of the cells which were included in the junctional 
line between medullary plates and ectoderm. A group of these neuro- 
lasts the somaiic and splanchnic sensory cells — grows into each seg- 
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ment and forms tlie posterior root ganglion. Eacli nenroblasfc witliin tlie 
ganglion sends out a process wMcli bifurcates, one branch or fibre 
gromng into the cord and ending in the posterior column and cells of the 
posterior horn, the other passing to the skin, muscles, etc,, of the seg- 
ment. The posterior nerve root is thus formed by the ingrowing pro- 
cesses from the cells of the posterior root ganglion, and the body segment 
in which the outgrowing processes are distributed is thereby brought into 
sensory communication with the central nervous system {see also p. 124). 
The anterior and posterior roots unite to form a spinal or segmental 
nerve. Like the artery, it divides into a posterior division for the 
epaxial part of the segment and an anterior for the ventro-lateral part 
(Fig, 86, A). The splanchnic sensory groups are situated in the posterior 
root ganglia. 

The cells of the sympathetic system, derived chiefly from the neural 
crest and, to a lesser extent, from the anterior horn, form a continuous 
column on each side of the spine at their first appearance (5th week). 
From these two paravertebral columns are difierentiated : 

(а) The prevertebral ganglion situated on the vertebra (in the 

gangliated chain), ventral to the exit of the spinal nerve ; 

(б) A group to the intermediate cell mass (renal ganglion and adrenal 

body) ; 

(c) Another to the splanchnopleure (semilunar ganglia) ; 

(d) To the. viscera (cells of Auerbach’s plexus, etc.). 

Groups (c) and (d) show no trace of segmentation in their arrangement, 
but, clinicaBy, '.evidence is to be found that every viscus or part of a 
viscus is connected with certain segments of the spinal cord. 

The manner in which the cells or neurons of the ganglia are connected 
with the spinal cord is shown diagranunaticaUy in Fig. 87. The motor 
or efferent fibres issue by the anterior roots (from D.l to L.2) to terminate 
round a cell or ceUs in any one of the ganglia or cell-groups just mentioned 
(a, 6, c, d). Thus these fibres link the splanchnic motor stations in the , 
cord to all sympathetic ganglia. In their tmn ganglion relay -cells send 
processes to end rotmd muscular or secretory cells. Thus a neuron is 
always interposed between the fibre emerging from the cord andithe 
actual site at which the motor or secretoiy impulses are delivered. On 
the other hand, the sensory splanchnic cells which are included in the 
posterior root ganglia coUect their stimuli in the tissues and deliver them 
direct to the recipient centres in the cord. Both afferent and efferent 
fibres after issuing in the anterior and posterior roots pass to their ■ 
-ganglionic temainations by the white rami. In this manner certain 
segments of the spinal cord are brought into touch with certain tissues 
and organs within the body cavities. The vaso-motor supply of each 
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body segment passes to it from the sympathetic ganglion by a grey 
ramus conmmnicans [9]. 

It will thus be seen that all the parts of a segment — body-wall (somato- 
pleure), kidney (intermediate cell mass) and a part of the abdominal or 
thoracic viscera (splanchnopleure) — are connected by nerves to a corre- 




. anterior root ; P.S., posterior root; P posterior root ganglion ; V.M., 
yj^ro-motor cell ; S.^.,soinatieini}t(»ceU: IT.iiC .white ramus communlcans; 

grey ramus communlcans; F Jr., ventral branch of spinal nerve : Ao , 
aorta ; A, piece of wall of Intestine ; At. P., arrector pUl. 


sponding segment of the spinal cord. In diseased conditions of any part 
of a body segment, the corresponding spinal segment of the cord is 
disturbed. Such a disturbance is referred along the somatic sensory 
fibres, giving rise to areas or zones of hyperaesthesia. Thus, for instance. 
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a stone in the pelvis of the kidney (which is supphed from the 10th, 
11th and 12th dorsal segments) is frequently accompanied by pain 
which becomes manifest along the Xlth and Xllth intercostal nerves. 
In the central nervous system as in the muscular, the primary simple 
segmental arrangement has been disturbed by enormous changes which 
have occurred in the process of evolution. In order to secure a 
harmonious co-operation of the various segments of the body, communica- 
tions have been estabhshed, by means of nerve tracts, between the 
various segments of the spinal cord and between the segments of the 
cord and the higher centres of the brain. These communications have 
obhterated wellnigh all traces of primitive segmentation, and yet we see 
in the gangha of the posterior roots and in the prevertebral gangUa of 
the sympathetic chain clear evidence that each segment of the body was 
originally provided with its own semi-automatic nerve mechanism. 
Clinical observation has supplied evidence that certain viscera — ^such as 
the heart, the liver, the kidneys — ^have a nervous correlation with certain 
segments of the body, and we may infer that these organs have been 
evolved in connection with certain definite segments of the body. 

Segments from which Splanchnic Fibres escape. — The small meduUated 
or splanchnic fibres do not arise from every spinal segment. Bishop 
Harman found that in man such fibres escape only by the roots of the 
dorsal nerves and 1st lumbar ; occasionally splanchnic fibres come out 
in the roots of the last cervical and 2nd lumbar [10]. These fibres enter 
the gangliated chain, and are distributed to the viscera. Splanchnic 
fibres also escape by the 3rd sacral, frequently too from the 2nd or 4th, 
to form the nervi errigentes for the pelvic viscera. The greater part of 
the IXth, Xth and Xlth cranial nerves is made up of splanchnic fibres. 
There are thus three visceral areas — an anterior or medullary, a middle 
or thoracic and a posterior or sacral. How these centres came to be 
thus separated is not known [11]. It is also remarkable that the nerve 
centres which regulate or constrict arterioles are situated in the middle 
or thoracic area. 

Protopathic and Epicritic Systems. — In the 11th dorsal segment, as in 
all segments of the trunk, two systems of somatic sensory nerves have to 
be recognized — both of which have their cell-stations in the ganglia of 
the posterior roots. There is, in the fixst place, the system to which 
Head gave the name frotopathic and for which Stopford [12] proposes 
the name protective. This represents the older system of sensory nerves. 
Its fibres on entering the spinal cord are relayed to the opposite side, 
their messages being carried in the spino-thalamic tract to centres in the 
optic thalamus. Head’s second or epicritic system, the discriminative 
system of Stopford, ascends in the posterior column of the cord on the 
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side of entry, their messages ultimately reaching the sensory cortex of 
the opposite side, where they are “ discriminated ” and analysed. 
Section of a posterior root produces loss of protopathic sensation of the 
corresponding segment of the body ; the protopathic system is segmental 
in its distribution. The distribution of vaso-motor ne^^'es is also 
segmental. Epicritic nerves, on the other hand, are not confined to 
their proper segments, but invade the territory of neighbouring segments 
(Stopford). 

In revising the present edition (194C) I have left the preceding para- 
graph unchanged as a record of a theory which is now given up by most 
neurologists. The protopathic system was regarded as the original 
sensory outfit, into which a later and higher system had been grafted — 
the epicritic. This dual sensory system was postulated to explain the 
order in which sensation returned to an area of skin which had been 
deprived of its nerve-supply. The power to feel pain returned first ; that 
of precise localization of touch and pressure last. Modem neurologists 
account for the order in which sensation returns by postulating not two 
sensory systems, but by the observed fact that the non-medullated fibres 
which serve pain-stimuli arc the first to be regenerated, while those 
which subserve touch are the last [13]. Dr. 'NVeddcll noted that points 
in the skin which serve as the source of touch stimuli receive a supply 
of fibres from several adjacent nerves [14] ; it is this multiple supply 
which provides the cortex with the data needed for precise localization. 
Thus modem neurologists regard the sensory system as having been 
evolved as a unity, not as a duality. 
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CENTHAL NERVOUS SYSTEM^DIFFERENTIATWN 
OF THE BRAIN AND SPINAL CORD 


Evolution oi the Central Nervous System. — ^To students who are familiar 
with the extraordinary complexity of the central nervous system of man 
it must seem incredible that it arose by the specialization of an area of 
the ectoderm or covering of the body. It is only on such a hypothesis 
thatwe can explain the fact that the medullary plates, out of which the 
entire central nervous system of the body is developed, are exposed on 
the surface of the embryo during the 3rd and 4th weeks of development.- 
It occasionally happens that children ate bom in which the medullary 



plates are exposed along the head and back as they are during very early 
embryonic life. The condition is shown in Fig. 88, and it is impossible 
to explain its occurrence except by supposing the medullary plates to be 
modified parts of the ectoderm. 'When, however, one remembers the 
condition in the lower invertebrates, such as is seen in the organization 
of the Hydra, the explanation becomes more acceptable. The ecto- 
dermal cells of Hy^a^are not only protective and secretory in function, 
but they also serve the purposes of nerve cells and muscle cells. One 
can understand how a specialization of function in the ectodermal cells 
raay have occurred— some beconung purely contractile, others purely 
sensory, or secretory, or protective. In the cells of the medullary plate 
see a further specialization (see Fig. 89) ; cells are specialized to 
117 
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connect the sensory with the contractile or muscle cells. Those con- 
nected with the sensory cells — ^the posterior root gangha — arise at the 
lateral margins of the medullary plates y those connected with the muscle 
cells arise near their mesial margins.' If this hypothesis is true, then the 
central canal is merely an enclosed tube of ectoderm and filled with 
fluid because the form of animal in which the medullary plates were 
evolved was a water-living form. Gaskell advanced the view that the 
central canal represents a former alimentary tube round which nerve 
cells have gathered. \Vhile Gaskell’s hypothesis explains many facts, 
it leaves many more unexplained — especially the manner in which the 
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rio. 90. Medullary Polds uniting to form the Neural Tube in a Human Embryo late In 
‘ the 3rd week of development, bl, blastopore or neurenteric canal. (After Graf 
Spee.) 


central nervous system is developed. Hence this hypothesis is now 
abandoned. 

Formation of the Central Canal. — ^The medullary plates of ectoderm, 
which form the spinal cord and brain, rise up, meet and enclose a canal — 
the central canal of the spinal cord and brain (Fig. 90). The lips of the 
medullary plates meet and fuse together in the cervical region firstj the 
process of union spreading forwards and backwards, the last parts to be 
enclosed being the cephalic and caudal extremities [1], The opening at 
the anterior extremity — ^the anterior neuropore — and that at the hinder 
— ^the posterior neuropore — close at the middle of the 4th week 
(20-25 somites), the anterior neuropore closing first. The optic vesicles 
beg’m to grow out from the medullary plates before these have united 
to enclose the cavity of the fore-brain. It will be thus seen that the optic 
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vesicle, whicli becomes the retina and optic nerve, is developed as a 
part of tbe medullary plate. 

Division of the Neural Canal (Figs. 91, 92). — ^At the end of the -Ith week 
the neural tube is divided into four parts. These arc : 

(i) An anterior dilatation, the foie-brain, which forms the 3rd and 
lateral ventricles and their walls, (t'l) The mid-brain, which becomes 



Fio. 02. Lateral view of the Central Nervowi System of a Human Embrfo at the end 
of the 4th ^reeh— 2 6 mm long. tProf Low ) 

transformed into the aqueduct of Sylvius, corpora quadrigemina and 
crura cerebri, (tti) The hind-hrain, the basis of the 4th ventricle, pons, 
cerebellum and medulla. (tt>) The central canal and spinal cord. 

The Spinal Cord. — ^Thc spinal cord at first extends throughout the 
whole length of the spinal column. At the end of the 3rd month the 
spmal column and canal grow more rapidly than the cord, and at birth 
Its lower end has become withdrawn to the level of the 3rd lumbar 
vertebra. By the 3rd year it usually temunates opposite the disc 
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between tbe 1st and 2nd lumbar vertebrae, but it may stop at tbe lower 
border of tbe 2nd lumbar or rise as high as tbe middle of tbe 12tb dorsal 
vertebra [2]. Tbe results of tbis inequality of growth are : 

(t) Tbe roots of tbe lumbar and sacral nerves become enormously 
elongated, forming tbe cauda equina ; all tbe nerves are more or less 
drawn up, except tbe 1st and Ilnd cervical ; tbe origins of tbe lower 
cervical nerves are drawn up 2 vertebrae (as indicated by tbe position 
of tbeir spines) ; tbe upper dorsal, 3 ; tbe lower dorsal, 4 ; tbe lower 
lumbar, 5 ; the coccygeal, 10. These statistics represent a broad 
expression of tbe observations made by tbe late Prof. R. W. Reid [3]. 
(n) Tbe caudal part of tbe spinal cord is tbe last part of tbe neural 




Fig. 93. Shoi^ing the differentiation of the terminal part of the Neural Tube into the 
coccygeal thread and filum terminale. (After Streeter.) 

tube to be formed (see Eig. 81, p. 102). Its fate bas been investigated by 
Dr. Streeter [2]. Even in the 9th week (Fig. 93) the caudal segment is 
still represented over the coccyx, ending in a subcutaneous vesicle, but 
already retrogression bas set in, tbe coccygeal gangba have disappeared 
and tbe neural canal immediately distal to tbe origin of tbe 5tb pair of 
sacral nerves is becoming dilated to form the terminal ventricle [4]. 
By tbe 12tb week (Fig. 93), when retraction bas set in, we see that tbe 
caudal segment has become differentiated into a distal or extradural 
part, which is drawn out to form tbe coccygeal thread, while the intra- 
dural part is being stretched and will become the filum terminale. 

Differentiation of the Spinal Cord. — As the neural plate begins to be 
folded in about the end of the 3rd week, the single layer of columnar 
epithebum of which it is composed is already undergoing certain changes. 
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Thiee stages in its diffexentiation ate shown in Fig. 94 ; in Stage I, the 
single layer of ill»defined columnaT cells is shown ; the bases of the cells 
are directed towards the central canal, resting on a delicate internal 
limiting metnhrane \ their outer ends, appearing on the surface of the 
neural tube, ate bounded by the carferiial limiting m€7nbrane. In Stage II 
there have been an active proliferation of cells and an increase in the 
thickness of the neural wall ; the cell bodies have become elongated and 
appear to form a cytoplasmic syncytium, in which the nuclei are 
implanted [5]. In Stage HI (Fig. 94), which is reached about the close 
of the 4th week, the wall has made a further increase in thickness ; in 
the cellular cytoplasm a fibrillar mesh work — a myelospongii/m — ^haa been 
laid down ; three zones can be distinguished, a middle or manf/e zone 



Fto. 04. Three Btaoea In tti« earlr dIfferentlaUnn of the wall of the Spina) heurnlTuhe 
Suse 1, flnole layer of lU-diSerentlated colvmnar epithelium , Stage 11, In uiilcir 
the tingle layer hot been transronned Into a nucleated syncytium : Stnsc 111, in 
ithlch three rones begin to be apparent (Alter Streeter ) 

in which most of the nuclei arc contained and which will become the 
grey substance of tbe cord ; an outer or marginal zone made up of 
myelospongium into which the fibre-tracts of the cord tvill grow ; an 
inner or ependymal zone, not distinctly demarcated, but characterized 
by the presence of medul/ohlasfs — often named germinal cells, which 
contain actively dividing large nuclei. The medulloblasts are becoming 
differentiated into neuroblasts, the producers of nerve cells, and into 
neuroglial or supporting cells. Neuroglial fibres are laid down in the 
cell-protoplasm of neuroglial cells. The ependymal cells, which line 
the central canal, are derived from medulloblasts of the inner zone. 

The medulloblasts give origin not only to neurohlasts and supporting 
or neuroglial- cells but also to other cells of a migratory nature. There 
are, in the first place, sheath cells, wWch pass out with the anterior roots 
to provide sheaths for nerve fibres ; there are, in the second place, three 
other forms which remain within the central nervous system and are 
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between tbe right and left posterior funiculi developing on each side of 
the original roof plate. In the 11th week the central canal. and 
ependymal zone are further reduced ; the posterior-median septum has 
increased in depth owing to the rapid growth of the posterior funiculi ; 
the middle or mantle zone is now differentiated into the anterior and 
posterior columns of grey matter. In the 13th week the adult condition 
is reached ; the central canal is reduced to its j&nal size, the ependymal 
zone now forms merely a lining to the canal ; the anterior and posterior 
horns, with their various groups of nerve cells, are reaching their final 
form, while in the marginal zone the great connecting and association 
tracts of white matter have arisen or are arising. There' is now a deep 
posterior-median septum and an open anterior-median fissure, formed 
during the development of the ventral funiculi in the anterior part of the 
marginal zone [8]. 

Spinal Tracts. — With the formation of the' posterior columns^ the grey 
matter of the dorsal laminae, at first united by the roof plate, becomes 
widely separated to form the posterior horns (Fig. 97). At the same 
time part of the gelatinous tissue of the inner zone is separated to form 
a cap on the posterior horns (Fig. 96, B). In the gelatinous tissue con- 
genital cysts may arise. The columnar cells which line the central canal 
are ciliated. Thus by the end of the 3rd month the nerve cells have 
taken up their permanent stations in the grey columns of the spinal 
cord. The cells that have to do with the reception and transmission 
of sensory messages are situated in the posterior root ganglia ; those 
that have to do with the dispatch of motor impulses are situated in the 
anterior and lateral horns ; the remainder may be regarded as inter- 
calated or shunt cells, and are concerned in linking up or associating the 
afferent and efferent systems and centres. The marginal zone provides 
a basis into which the nerve processes — ^the axons which are to connect 
neuron with neuron and centre with centre — ^may grow and reach then 
destinations. It is a remarkable fact that the lower we go in the 
vertebrate scale the more automatic or independent do the nerve centres 
of the spinal cord become ; the higher we go in the scale the more they 
become dominated by and dependent upon nerve centres situated in the 
hind-brain, mid-brain and fore-brain. Hence we are prepared to find 
that the first tracts of nerve fibres which appear in the marginal zone are 
those which link together the nerve centres in the spinal cord itself. 
Early in the 2nd month the fibres of the posterior root have entered the 
marginal zone on the dorsal side of the cord, and have thus formed the 
rudiment of the posterior funiculi ; these effect connections with recep- 
tive nuclei in the posterior horns and with the gracile and cuneate nuclei. 
The posterior funiculi reach their maximal size in the human spinal 
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cord. Next in point of development of these tracts conrc anthropoid 
apes. Fibre-tracts 'which associate neighbouring or allied nuclei or 
centres of the cord appear in the marginal zone of the lateral and 
anterior parts of the cord. These may be described as inter-segmental 
tracts. 

Later, in the 3rd month, commences the growth of fibres within the 
antero-Iateral marginal zone of (V) tracts which, arising from cells in the 
cord, are to end in hind-brain, mid-brain and fore-brain, and thus 
supply these higher centres with afferent impulses which are reaching the 
spinal centres ; (tV) tracts which, commencing in the hind- and mid-brain, 



FiQ. 07 Fia. as 

Fia. 97 nisframniatlc lectloc of tite developing Spln&l Cord to show (I) the Koof 
sod floor pUtes; (2) the domi (alar) and ventral (basal) l.amluae; (3) the 
gelatinous tissue between the middle and Inner zones. 

Fia. 98 Showing tranaformaUon of CeUs of the Eetoderm to aense epithelium, nerve 
cells and supporting cells, In .d, the olfactory f^ate; £, theotocyst; C, the retinal 
layer of optic cup 

grow down to permit the higher centres to influence the lower centres in 
the cord. Lastly, in the 5th month, the pallio-spinal or pyramidal tracts 
commence to develop. The pyramidal tracts (crossed and direct) grow 
down from the cells of the motor cortex. They are medullated in the 
18th month which follows birth, but in thickness medullary sheaths 
increase until puberty is reached. The pyramidal tracts are the means 
by which the brain controls the motor cells of the cord. In man these 
tracte are remarkable not only for their great size, but also that in 
addition to the crossed lateral tract, which is present in all mammals, 
there is also an anterior or direct tract. The anterior tract appears to 
e a recently evolved system ; it is extremely variable in size. The 
on y other animals which possess it are the nearest allies of man — the 
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great anthropoid apes. The great size of the somatic-motor (pyramidal) 
and of the somatic-sensory (posterior - funicular) tract in the human 
spinal cord is correlated with the extent of the motor and sensory areas 
of the human brain. 

The myelinization [9] — ^the formation of 'medullary sheaths for the 
fibres of nerve tracts — commences early in the 4th month and is not 
really finished until about 18 months after birth. The oldest tracts — 
the ones which are first required to carry messages — are the earhest to 
be medullated. The first fibres to be meduUated are those of the anterior 
roots, then follow the posterior roots. By the 8th month all the 
fundamental tracts of the cord are myelinated, those carrying messages 
towards the brain preceding those conve 3 dng efferent messages. The 
pyramidal tracts are the last to be ensheathed. The process begins in 
the oldest part of the fibre — ^the part nearest the parent nerve cell — 
and spreads towards the growing tip. The great nerve tracts are 
ensheathed at different dates ; hence it is possible to distinguish and 
unravel one tract from another during the period of development. 
The myelin sheath insulates a nerve fibre, conserving and expediting 
the messages transmitted by it. 

Segments of the Spinal Cord. — To that part of the neural tube and 
neural crest which corresponds in position to a primitive body segment 
the name of Neuromere is given. From the cells of a neuromere are 
produced the posterior and anterior root of a spinal nerve on each side. 
The extent of each neuromere is thus marked out by the attachments of 
its nerve roots. As already explained (p. 110), the segmentation of the 
spinal cord is secondary to and dependent upon the segmentation of 
the mesodermal mass which lies on each side of it and which comes to 
surroimd it. At no time are the medullary plates divided into embryo- 
logical segments in the same sense as the mesoderm is divided. Yet the ■ 
neural tube probably did arise from the fusion of a series of neuromeres 
or gangha, each presiding over a definite segment of the body, subse- 
quent evolutionary changes having led to their fusion. Dr. Watt 
observed in a human embryo in which there were 18 body somites that 
11 segments were to be noted in the spinal cord. The cervical and 
lumbar enlargements of the cord appear in the 4th month. They con- 
tain the neuroblasts connected with the body segments which give rise 
■to the buds of the upper and lower extremities. The neuroblasts are 
arranged not according to the original neural segments but rather in 
relationship to the movements of the limb. The group representing the 
hand movements lie behind (distal to) those representing movements 
of the forearm [10]. 

Origin of the Medullary Plates and Nerve Cells. — The medullary plates. 
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like the olfactory plates which, give rise to the sense-epithelium of the 
nose, the otocyst from which the au^tory organ is developed, and the 
retinae, are derived from the ectodermal covering of the embryo [11], 
The olfactory plate retains to the greatest extent the features of the 
ectoderm (Fig. 98, .4). Its cells ate of three kinds: (t) protective, 
(tt) secretory, {in) sensory, the latter being essentially superficial nerve 
cells. A process or axis cylinder is produced from each sense cell ; from 
its opposite extremity a sensory process is produced. In worms, sense 
epithelial cells sink beneath the protective and secretory cells, the sensory 
process being drawn out to form a fibre. In the otocyst, the sensory 
cells produce no axis-cylinder process, but a ganglionic cell — arising 
from the ectoderm of the neural crest — comes into connection with it 
(Fig. 98, B). From the ganglionic cells arc produced : (i) a chief process 
or axis cylinder ; (ti) a branching process or processes — dendrites — 
from the opposite pole, which end in an atboresccnce round the sensory 
cells. To a nerve cell and all the processes developed from it the name 
o{ f^euron is given. In the retina, as in the olfactory plate, three types 
of cells ate seen : (i) protective or supporting, which form the fibres 
of Mliller; (ii) secretory, situated over the ciliary processes; (m) the 
sensory cells, which produce an axis cylinder on one side and a rod or 
cone on the other (Fig. 98, C). Further, by a process of division, bipolar 
and ganglionic cells ate produced from the retinal sense cells. In the 
medullary plates of the spinal cord the representatives of the original 
ectoderm form the ependymal and neurogUal cells, the first of which 
may be regarded as both secretory and supporting; the nenioblasts arise 
by a process of division from the primary ectodermal cells (medullo- 
blasts). A neuron represents a modified neuroblast. The axons or axis 
cylinders of such neuroblasts are in many cases 2 ft. or more in length ; 
for instance, the motor and sensory fibres which pass from the lumbar 
enlargement to the muscles and sldn of the foot. The nerve cells in the 
basal laminae are peculiar in that their axis cylinders end on muscle 
cells. 

Mallormations of the Neural Canal.— The fact that children ate 
occasionally horn, with the medvdlaty plates open and exposed on the 
bead and back has already been mentioned (see Fig. 88). Total rachi- 
schisis, as the Condition is named, is rare ; it is much more usual to find 
only one part of the neural tube open : either the anterior or cephalic 
part, giving the condition known as anencephaly, an open condition of 
the brain; or the posterior or lumbo-sacral part, giving the condition 
known as c^-stic spina hifida. The latter condition is shown in Fig. 99. 
As the spinal cord is followed down, it is seen to enter a cystic structure 
formed by a dilatation of the subarachnoid space, across which the roots 
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great anthropoid apes. The great size of the somatic-motor (pyramidal) 
and of the somatic-sensory (posterior - funicular) tract in the human 
spinal cord is correlated with the extent of the motor and sensory areas 
of the human brain. 

The myelinization [9] — ^the formation of ^medullary sheaths for the 
fibres of nerve tracts — commences early in the 4th month and is not 
really finished until about 18 months after birth. The oldest tracts — 
the ones which are first required to carry messages — are the earliest to 
be meduUated. The first fibres to be medullated are those of the anterior 
roots, then follow the posterior roots. By the 8th month all the 
fundamental tracts of the cord are myelinated, those carrying messages 
towards the brain preceding those conveying efferent messages. The 
pyramidal tracts are the last to be ensheathed. The process begins in 
the oldest part of the fibre — ^the part nearest the parent nerve cell — 
and spreads towards the growing tip. The great nerve tracts are 
ensheathed at different dates ; hence it is possible to distinguish and 
unravel one tract from another during the period of development. 
The myelin sheath insulates a nerve fibre, conserving and expediting 
the messages transmitted by it. 

Segments of the Spinal Cord. — To that part of the neural tube and 
neural crest which corresponds in position to a primitive body segment 
the name of Neuromere is given. From the cells of a neuromere are 
produced the posterior and anterior root of a spinal nerve on each side. 
The extent of each neuromere is thus marked out by the attachments of 
its nerve roots. As already explained (p. 110), the segmentation of the 
spinal cord is secondary to and dependent upon the segmentation of 
the mesodermal mass which lies on each side of it and which comes to 
surround it. At no time are the medullary plates divided into embryo- 
logical segments in the same sense as the mesoderm is divided. Yet the • 
neural tube probably did arise from the fusion of a series of neuromeres 
or ganglia, each presiding over a definite segment of the body, subse- 
quent evolutionary changes having led to their fusion. Ur. Watt 
observed in a human embryo in which there were 18 body somites that 
11 segments were to be noted in the spinal cord. The cervical and 
iumbar enlargements of the cord appear in the 4th month. They con- 
tain the neuroblasts connected with the body segments which give rise 
to the buds of the upper and lower extremities. The neuroblasts are 
arranged not according to the original neural segments but rather in 
relationship to the movements of the limb. The group representing the 
hand movements He behind (distal to) those representing movements 
of the forearm [10]. 

Origin of the Medullary Plates and Nerve Cells. — The medullary plates, 
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layer, and an outer or arachno*dural. The cleft becomes the sub- 
arachnoid space. Later, during the 5th month, the arachnoid membrane 
becomes separated from the dura (Spirow). 

Development of Nerves [14]. — ^Thc belief, at one time widely held, that 
nerve fibres arise by the union of a chain of cells has been given up. 
Everyone now accepts the theory promulgated by His and by Koelliker 
in the latter part of the 19th century, that no matter how long a fibre 
may be, it represents an outgrowth from a single embryonic nerve cell 
or neuroblast. Prof. His based his belief on the appearance presented 
by the anterior and posterior nerve roots at their first appearance in the 
embryo. Theprocesses forming thofibresofthe anterior root" seemed” 
to grow from the cells of the anterior horn of the cord, and those of the 
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which end in '• growth-cones " (After R. O. Uamton ) 
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bi node of Rattylet ; c, axon or axis cylinder; <f, neurilemma 

posterior root from the ganglionic cells. The first man to see nerve 
fibres actually sprouting from these cells was Dr. Ross G. Harrison, of 
Yale. In 1908, having succeeded in keeping part of the spinal cord of 
a tadpole alive in a lymph medium, he noted, through his microscope, 
the actual g^o^vth of the processes ; they grew at a rate of a micron a 
nunute. 

In Fig. 100 a growing nerve fibre is depicted, with the neuroblast by 
^3 ^eing produced. The fibre or process has given off branches ; 
each branch, as well as the main or original process, ends in a “ growth- 
cone.’" A growth-cone behaves almost as if it were a sentient thing : 
'^hen It encounters obstacles it attempts to circumvent them. The 
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of the lumho-sacral nerves pass. The projecting dome of the cyst is 
formed by the expanded medullary plates;' hence the spinal cord 
appears to end on the wall of the cyst and spinal nerves to actually arise 
from it. The lumho-sacral parts of the nemal tube and of the spine 
have never been enclosed; the cerebro-spinal fluid collects in the 
subarachnoid space, and the unresisting medullary plates are raised up 
to form part of the wall of a cystic tumour. Another form of patho- 
logical dilatation may appear after the neural tube is completely closed. 
In chicks hatched at abnormal temperatures fluid may collect in certain 
parts of the tube, thus dilating it and giving rise to cystic conditions [12]. 



I’lG. 00. Vertical section of tUc Lumbar Itegion to sbow the arrangement of parts in a 
typical case of cystic spina biSda. 


Membranes and 'Vessels of the Cord. — ^As the neural tube is being 
enclosed during the 4th week by the upgrowth of mesoderm in the 
medullary folds, mesenchymal cells become applied to the neural tube. 
They form the primary sheath of the neural tube (Fig. 94). In lower 
vertebrates the neural crest contributes to the formation of this mem- 
brane ; this is probably also the case in higher vertebrates, including 
man. The pigment ceIls[of the pia mater are so derived. Thus the cord 
and central nervous system have a wrapping of ectodermal origin [13]. 
The enshpathing tissue of the cord receives a vascular supply from each 
dorsal branch of the segmental arteries and veins. Branches of these 
vessels perforate the nerve tissue, and thus a vascular mesodermal 
element is added. By the middle of the 2nd month the tissue forming 
the primary sheath of the cord has become cleft into an inner or pial 
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THE MW- Am HIND-BRAINS 

When, the neural tube is traced forwards into the head region, it is 
seen to undergo a marked change in form — a transformation due to a 
change in function. In the spinal cord the nerves arise in two rows — a 
dorsal sensory and a ventral motor ; here the dorsal and ventral series 
are still represented, but a third or intermediate series has been added. 
This third series is represented by the spinal accessory (XI), vagus (X) 
and glossopharyngeal (IX), facial (VII) and fifth (V) pairs of nerves. 
They arise from intermediate columns of cells representing in an exag- 
gerated degree the splanchnic or visceral nerve columns of the spinal 
cord. Further, the central canal becomes enlarged to form the 4th 
ventricle. The hinder part of the roof of the 4th ventricle becomes 
reduced to a membranous lamina, forming the medullary velum and 
choroid plexus— a secretory mechanism — while the front part of the 
roof becomes the seat of a complex mechanism (the cerebellum) for the 
coordination of impulses dispatched to motor centres in the spinal cord 
and brain stem. This high degree of specialization almost obliterates 
the original simple nature of that part of the neural tube which, forms 
the mid- and hind-brain. Further, the neural tube in the regions of 
the mid- and hind-brain, as in the spinal cord, lies over the notochord 
(Fig. 101). The notochord ceases at the junction of the mid- and fore- 
brain. The developing walls of the mid- and hind-brain show the same 
three zones as were seen in the spinal cord — inner or ependymal, middle 
or mantle and outer or marginal. We shall find, too, the same division 
of each lateral neural plate into basal and alar laminae. 

A reference to the relationships of the hind-brain during the 4th week 
of development (Fig. 101) serves to explain why the vital centres of the 
body — those which are concerned in the regulation of respiration, 
circulation, deglutition and digestion— come to be placed in its walls. 
At this time the hind-brain lies over the pharynx, with its aortic arches 
and its gill-pockcts — representing the breathing mechanism of fishes, 
IVTien lungs arise the control of respiration still lies in the original 
respiratory centres of the hind-brain. The heart too lies directly 
under, or ventral to, the hind-brain (Fig. 101) ; hence the centres for 
circulation are placed there. The fore-gut, from which the mouth, 
pharynx, oesophagus, trachea, lungs, stomach and liver are to arise, is 
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produced ; a middle or mantle zone, in which neuroblasts, ncurologUal 
fibres and young nerve fibres ate being differentiated; and an outer or 
marginal zone. By the 6th week the disposition of the nuclei connected 
with the cranial nerves in the mantle zone can be made out. The 



Fia. 102 section across the ITind>Dralnof ft Humnn Embryo in the Ctlt «eek. 

grouping of the nuclei as seen in a diagrammatic section across the hind- 
brain is shown in Eig. 103. In the mantle zone of the basal lamina ate 
three columns of motor cells — the columns being much interrupted as 
they are traced from the lower to the upper end of the hind-brain. These 



Fig. 103 Dbjrammatlc section acrosstheBind.Braln to show the grouping of craoLal 
nen’cs and their nncItL (AfUr Elliot Smith ) 

are : (t) the somatic motor, continuing upwards the somatic cells of the 
anterior horn and supplying muscles derived from the body somites ; 
from this column arise the Xllth and Vlth nerves. (I'i) The lateral 
somatic motor, supplying striped muscles which were first evolved for 
the movement of gill-arches ; from this column arise motor fibres of 
XI, X, IX, YII and Y. The nucleus nmbiguus forms part of this 
column, (in') The splanchnic motor nuclei, giving origin to fibres 


134 


HUMAN EMBRYOLOGY AND MORPHOLOGY 

also placed in tlie territory of the hind-brain. Its relationship to the 
otocyst, however, is to prove the most important. From that structure 
is to arise a vestibular or balancing mechanism designed to supply, 
information concerning the position and movements of the head. The 
cerebellum, the development of which so transforms the simple tubular 
hind-brain, arises in cormection with the vestibular, nuclei. One other 
point may be noted before proceeding to follow the transformation of 
the hind-brain into medulla oblongata, cerebellum and pons. The hind- 
brain is interpolated between the spinal cord on the one hand and the 
mid- and fore-brain on the other ; hence it becomes the great highway 
for the nerve tracts which are developed to link brain and spinal cord 
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Fig. 101, Showing the tubiilar form, the neuromeres and relations of the Mid- and 
Hind-Brain in a Human Embryo in which there were 18 body somites — in the 4th 
•week of development. I^ine segments or neuromeres are depicted in the hind- 
brain of this embryo ; this is exceptional ; the usual number is seven. (After 
Crawford Watt.) 


into a functional whole. Throughout the greater part of the 2nd month 
the hind-brain forms only a little less than half of the total length of the 
nemal tube. 

4th Ventricle. — ^The cavity or neural canal of the hind-brain becomes 
the 4th ventricle. In its floor are developed, out of the basal or ventral 
and alar or dorsal laminae (Fig. 102) of the neural plates, the pons and 
medulla. In its roof are developed the cerebellum, the superior and 
inferior medullary vela [1]. . 

Basal and Alar Laminae of the Medulla. — The basal and alar laminae 
of the neural tube become flattened out to forin the floor of the hind- 
brain. At the end of the 4th week each medullary plate shows on 
section three zones : an inner or ependymal, where new cells are being 
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struck by the power of neuioblasts to migrate— particularly those which 
make up the nuclei of motor nerves j they were drawn towards the 
terminal nuclei from which they received their chief incoming stimuli 
or messages. 

For example he noted a forward movement of the motor nucleus of 
the Xllth towards the receptive nuclei of the IXth and Xth ; of the 
Yllth towards the descending root of the Vth, while the nuclei of the 
Xlth for the sternomastoid and trapezius tend to spread backwards in 
the spinal cord towards the receptive nuclei of the neck and shoulder. 
To the law or force which regulates the mass-movement or migration 
of neuroblasts Kappers gave the name Neurobioiaxis. We have just 



no. 104. 


B. Ihe Alar and Baial Lftmlnae orthelUnd-Brsinat the begioDtag of the 6th weeh to 
ahovthe atsperhaalpoaiUon of the sensory root of the Vagus. (Compare with A.) 

The rhombic Up and the point at which the root of the Vth netve and restlform 
body wUl be formed la Indicated by an asterisk (.tftrr His.) 

mentioned the rnigrations which give rise to the olivary bodies of the 
medulla, hut we shall find as wc ascend the brain stem — to cerebellum 
and pons, to mid-brain and basal ganglia and particularly to the cerebrmn 
itself— that ncuroblastic nugration is a basal principle of development 
and traiuforms the simple embryonic neural tube into the complexities 
of the adtilt brain. In the spinal cord neuroblasts are confined to the 
mantle zone, but in the hind-, mid- and fore-brains they invade the 
marginal zone and there establish their chief centres. The cortex of 
the cerebellum and cerebrum arc produced by a ncuroblastic invasion 
of tbc marginal zone. Not is the mass-migration of nerve cells really 
different from other manifestations of living cells. Outgrowing processes 
from the neuroblasts of the spinal ganglia and spinal cord spread into 
he ^limb-buds and reach their destinations imerrbgly — drawn and 
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distributed to the musculature of the heart, lungs and ahmentary canal 
— ^represented by the dorsal nuclei of IX, X, XI and the sahvatory 
nucleus of the Vllth. In the alar lamina are differentiated two main 
groups or columns of sensory or reception nuclei : (z) splanchnic, which 
receive the ingrowing fibres of the Vllth-JXth-Xth nerves — and there- 
fore are in connection with the pharynx, heart, lun g s and ahmentary 
canal, receiving afferent impulses from all, including those of taste ; 
{ii) somatic, corresponding to the posterior horn cells of the spinal cord 
and receiving fibres in series with the posterior roots of spinal nerves. 
The posterior root fibres in the cranial series are represented by the 
sensory root of the Vth and by the Vlllth nerve — ^both vestibular and 
cochlear divisions. The Vlllth nerve and its gangha were probably 
derived from the same system as gave rise to the complex sensory organs 
of the lateral line of fishes, and should be distinguished from the ordinary 
somatic group. 

We have seen how the posterior funicuh are formed in the marginal 
zone of the spinal cord by fibres of the posterior roots. The sensory 
fibres of the cranial nerves also form tracts in the marginal zone ; the 
solitary tract is formed by fibres of the IXth and also of the Xth and 
Vnth. The vestibular and Vth nerves also form tracts — ^the latter 
being particularly extensive, extending down the spinal cord to the level 
of the 4th cervical nerve. At first these tracts lie near the surface of 
the hind-brain, but in the 6th week they become overwhelmed and buried 
by vast migrations of neuroblasts. 

Neurohiotaxis. — In Fig. 104, R, is given a diagrammatic section across 
the right half of the neural plate of the hind-brain at the 6th week of 
development, showing the sohtary tract in the marginal zone of the 
ventral surface ; in Fig. 104, A, is given the condition in the 8th week, 
showing the fasciculus solitarius buried deeply — ^much nearer to the 
dorsal than to the ventral aspect of the medulla. What has happened 
is this ; swarms of neuroblasts have been produced in the ependymal 
zone near the dorsal margin of the alar lamina at the rhombic lip marked 
by an asterisk in Fig. 104, B. In the spinal cord neuroblastic pro- 
duction goes on longer in the posterior than in the anterior horn ; m 
the hind-brain this tendency to the production of neuroblasts in the 
dorsal margin of the alar lamina has become enormously heightened [2]. 
The arrow in Fig. 104,^4, shows the direction of the swarm ; they invade 
the marginal zone, burying the solitary tract, and group themselves, as 
they approach the floor plate in the middle line, to form the inferior 
olivary body ; the superior olivary body and the great terminal or 
receptive nuclei — ^the gracile and cuneate nuclei — ^are formed in the same 
way. Dr. Aliens Rappers in his studies on the medulla in 1907 was 
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recess and subsequently over its entire surface. In the 3rd month 
cerebro-spinal fluid is being formed — ^first as a filtrate, later as a true 
secretion [4]. The fluid percolates through the velum at three places — 
middle of the roof and at the lateral angles. At first the thin middle 
area bulges outwards behind the cerebellum ; about the end of the 
3rd month medial and lateral foramina appear, forming the foramen of 
Majendie and the openings of the lateral recess at the points of per- 
colation. The subarachnoid spaces begin to form at the sites of escape 
and from there extend [5]. 

As shown in Fig. Ill, the velum is continuous with the cerebellum 
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above and the roof of the central canal of the cord below. In the 
posterior margin of the cerebellar plates are developed : (t } the nodule ; 
(ii) the flocculus ; (tu) the peduncle of the flocculus between (t) and (h) 
(Figs. 110, 112), Hence the inferior velum ends above in these structures. 
The obex and Hgula, thickenings or ridges found on the margins of the 
4th ventricle, mark the attachment of the roof plate or velum to the 
rhombic lip of the medullary plates. They represent the attached 
margm of the velum. The velum is also attached to the restiform body 
which is developed in the upper mar^n of the alar lamina. Over the 
opening of the central canal of the spinal cord into the 4th ventricle 
there is often a fold formed by the union of the alar laminae [6]. 
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regulated by some obscure force ; Dr. Boss Harrison found that if a 
limb-bud was transplanted, the nerve fibres which entered it were 
attracted and moulded to produce a normal supply by some influence in 
the tissues of the bud. The force which attracts the wandering defensive 
cells of the body to a site of infection is probably of the same nature as 
that which regulates the migration of neuroblasts [3]. 

Inferior Medullary Velum [1].— ^Vhen a section is made across the 
hind-brain of an embryo in the 6th week of development, the same parts 
are seen as in the spinal cord, except that the roof plate has become 
enormously expanded to form the inferior medullary velum. The 
extent, shape and attachments of the roof plate are shown in Fig. 105 ; 
it is diamond-shaped, its hind angle being continuous with the roof plate 
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Fio. 105. Sho^^lng tlic origin of the Inferior Medullary Velum from the roof plate of 

the Hind-Brain. 

of the spinal cord, its front angle with the roof plate of the mid-brain, 
while its lateral angles mark the sites of the two lateral recesses of the 
4th ventricle. Its upper margins are attached to the border of that 
part of the alar lamina which is to produce the cerebellum ; its low^er 
margins are attached to the rhombic lip, the dorsal border of the meduUary 
part of the alar lamina. This border is folded outwards (Fig. 102). 
The shape of the roof plate, or inferior medullary velum, is altered by 
remarkable changes which set in during the 6th week (Fig. 105) ; growth 
changes cause the hind-brain to be folded, producing the pontine bend 
and bringing the cerebellar part of the hind-brain against the medullary. 
The inferior medullary velum becomes drawn out transversely. A httle 

about the 8th week — choroidal villi are produced on its ventricular 

surface, first in a transverse row extending from lateral recess to lateral 
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tlie human cerebellum is very similar in structure to that of a lizard [9]. 
By this time (Fig. 109) there has been an active proliferation of neuro- 
blasts in the cerebellar plates ; they fuse in the middle line to form the 
vermis or median lobe, and now bulge into the 4th ventricle, much as 
they do in the frog. "What has happened may be best gathered from 
Fig. 109. The reception nuclei for tlic VUItb nerve are developed in 
the rhombic lip, near the lateral recess ; through the vestibular fibres 
of the Vlllth nerve certain of these nuclei rnll receive impulses which 
make them the chief recipients of messages needed for the co-ordination 
of muscles. The cerebellum is, in the main, a product of the vestibular 
nuclei. Hence the proliferation of neuroblasts at the rhombic lip and 
their spread into the cerebellar plates. In the 3rd month neuroblasts 



Fia. 109. ■rheIIumanCcrcb«Uuinattheeodorihc2odn)onthof development. {After 
Streeter.) The arro^eshowtlK direction of the toleration of the pontine and cere* 
bellar nuclei. 

invade the marginal zone of the plates and lay the basis of the molecular 
layer of the cortex. They subsequently retreat to the granular stratum, 
lea\Tng their main processes in the marginal or molecular zone. The 
cells of Purkinje — although not fully differentiated until after birth — 
take up their stations at the junction of the mantle and marginal zones, 
between the superficial molecular and the deeper granular layers. The 
axonsof thePurkinjcccllsarctbeellcrcntpathsof the cerebellar cortex ; 
many end in the nucleus dentatus. 

In the 3rd month, when the cerebellar plates are being invaded by 
cortical elements, other cells, arisii^ in the rhombic lip, invade the 
adjacent basal laminae — the parts which will become the pons (Fig. 109). 
There they lie in the path of fibres descending from the frontal cortex, 
and thus, when they have effected connections with the cerebellum 
through the fibres of the pons and middle peduncles, bring the cortex of 
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The velum is to be regarded as a part of the neural tube specially 
modified for the purpose of secreting the cerebro-spinal fluid that fills 
the central canal and subarachnoid system. This fluid may help to 
support the central nervous mass in a mechanical sense, but its rapid 



Pig. 107. Lateral view of the Cephalic Part of the Neural Tube in a 5th-week Human 

Embryo. (After His.) 


secretion, its circulation and chemical composition point to some more 
important nutritive or regulatory influence on the neural centres. It is 
secreted by the ependymal (ectodermal) epithelium which clothes the 
choroidal vilh [7]. 

Cerebellum [8] .—-At the beginning of the 2nd month the cerebellum is 



Fig. 108. Median Section of the Cerebellum and 4th Ventricle of a Prog. 


still represented by simple right and left alar plates (Figs. 107 and 115), 
which show the usual triple stratification — an internal proliferating 
ependymal zone, a middle neuroblastic and an outer marginal meshwork. 
In the frog a plate-fike cerebellum is retained (Fig. 108), for the amphibia 
bave but an imperfect power for sustained co-ordination of their hmbs 
during locomotion on land. At the end of the 2nd month of development 
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distinguished from the middle lobe, the latest in point of evolution, 
which may be distinguished as the neo-cerebellum. The latter is 
demarcated anteriorly by the Jissura prima and posteriorly by the 
prae-pyramidal fissure. The prominence of the pons, the cortex of the 
neo-cerebellum, and that of the cerebrum have been correlated in their 
evolution ; cerebellar cortex is linked to cerebral cortex through centres 
situated in the pons. 

Dr. Abbie [8] found striking evidence of these cortical-pontine 
connections in his studies of the brains of Australian mammals. In 
the Monotremes there is no frontal cortex and no fronto-pontine tract ; 
transverse fibres are lacking in the upper or anterior half of the pons ; 
the median part of the neo-cerebellum is poorly developed. On the 
other hand, the temporo-poutine tract is well developed ; the lower or 
hinder transverse fibres of the pons are prominent ; the median part of 
the anterior lobe is of full size. In the Marsupial brain matters are 
reversed : the frontal cortex and fronto-pontine tracts are present, while 
the tempero-pontine are nnssing, vnth the result that \t is the upper part 
of the pons and the median area of the neo-cerebellum which are well 
developed. 

Development oi Lobes.— At the end of the 3rd month (Fig. Ill) the 



Fia. 111. Diagram of the CerebeUum and of the Attachments of the Inferior Medullary 
Velum at the end of the 3rd month ordevetopfaent. (After KoUmann ) 

cerebellum has assumed a dumb-bell form — the lateral elevations 
representing the right and left hemispheres, which are united by a median 
plate — the vermis. The cortex has already commenced to expand, as 
may be seen by the early appearance of transverse fissures on the vermis. 
It is at this period that the cerebellar plate becomes demarcated into 
anterior, middle, posterior, and Jloccular lobes, tha fissura prima, separating 
the middle from the anterior lobe, appearing very early. Since these 
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that organ into touch with the cerebrum. The restiform body begins 
to form in the 2nd month, and by this means the cerebellum is placed 
in connection with the recipient nuclei of the cord and medulla. The 
dentate and other central cerebellar nuclei are detached from the invad- 
ing mass of neuroblasts, the dentate nuclei becoming linked with the red 
nuclei of the mid-brain by the superior peduncles. In the differentiation 
of the cerebellmn are to be seen numerous illustrations of the law of 
neurobiotaxis enunciated by Kappers. 

Division into Lobes. — ^Before describing the development of the 



NOD., nodule, median element of the floccular lobe ; P¥R., pyramid ; UV., uvula, 
both being median eiements of the parafloccular or posterior lobe ; TON,, tonsil ; 
DIVENT., biventral, both being parts of the middle cerebellar lobe. 


cerebellum, it will be well to note some of the conclusions reached by 
comparative neurologists as to the division of the organ into lobes. 
In Fig. 110 is given a diagrammatic representation of the lobulation of 
a primate cerebellum — ^that of a rhesus monkey. Both upper and lower 
surfaces are depicted. The binder (the most caudal) part, the floccular 
lobe, is to be distinguished from the rest of the organ. It is closely 
linked with the vestibular nuclei and is the oldest part of the cerebellum. 
The rest of the organ is divisible into three lobes — anterior, middle and 
posterior cerebellar. The anterior and posterior lobes, shaded in Fig. 
110, are the older parts and mav be nnllp.d thp. nalpn-pprphpllnm. as 
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declive, while the lateral parts arc formed by the posterior crescentic 
(quadrangular) lobuU (Fig. 110). Comparative anatoimsts speak of tke 
semilunar or crescentic lobuli (Fig. 110) as the lobulus simplex. The 
remaining parts of the middle lobe are the last to be demarcated and 
developed (5th, 6th months). As these parts of the neo-cerebellum arise 
there appears between the upper and lower semilunar areas (Fig. 110) 
the great horizontal fissure (Fig. 113, A), a comparative late feature to 
appear in the evolution of the primate cerebellum. The cortex of the 
cerebellum has a uniform structure in all of its lobuli , yet there is evidence 
of some degree of localization of function [10]. 

The Superior Medullary Velum is part of the roof plate of the 4th 



Fio.in. 

A. Left half of the Cerebellum Qf a Foetus or&months, seen on its Inferior aspect. Onlr 

the middle, posterior and Soccular lobes ore exposed. The parts formiuK the 
posterior lobe are stippled. lAfter Elliot bmith) As Is mentioned In the text, 
the pyramid Is now assigned to the posterior lobe. 

B. Illght half of a typical Mammalian Ccrebelluoi. spread out so as to show the anterior, 

middle, posterior and tloccular lobes The anterior and posterior lobes are stippled. 
The fissures and parts are indicated by the terms used in human anatomy la order 
that the peculiar features of the human Cerebellum may be made evident. (After 
Elliot Smith ) Alternative terms used by certain auatomlsts are given In the text. 


ventricle which remains between the superior peduncles. The vestigial 
lamina which cover it form the lingula. 

Three points in connection with the development and comparative 
anatomy of the cerebellum are especially worthy of attention : 

(t) It arises from the alar laminae, which are directly connected with 
afferent or sensory nerves only. 

(ti) The part of the neural tube from wHcb the cerebellum arises is 
the vestibular neuromere — the one to which the internal ear becomes 
closely linked. 

{ux) The cerebellum reaches its highest development in primates 
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primary divisions are to be recognized in nearly all mammalian cerebeUa, 
they must be of fundamental importance. At tbe end of the 4tb montb 
four fissures are seen to be developed in tbe human cerebellum (Fig. 112). 
Tbe rapid growth of tbe cerebellum, with tbe pressure of tbe cerebrum 
above or in front and tbe resistance of tbe occipital bone below or behind, 
cause tbe plate-bke form to be replaced by one which is wedge-shaped in 
section, with an upper and lower surface. Tbe minor sulci and fissures 
oT tbe cerebellum appear between tbe 5tb and 7tb months of foetal life. 

Tbe floccular lobe is made up of tbe flocculus on each side with a 
median element, tbe nodule, tbe three parts being united by tbe 
peduncub flocculi (Fig. 110). The floccular lobe is tbe first to be 
demarcated in tbe human foetus. It is separated from tbe rest of tbe 
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Vis. 112. Diagrammatic Section of the Cerebellum of a Human Foetus early in the 
4th month, showing the folding of the cerebellar plate. (After Kuithan and Elliot 
Smith.) 

cerebellum by tbe prae-nodular fissure. Early to be demarcated, too, 
is tbe posterior or parafloccular lobe, with its two median elevations — 
tbe pyramid and tbe uvula. As will be seen from Fig. 113, the late 
Sic G. Elbot-Smitb assigned tbe pyramid to tbe middle lobe (neo- 
cerebellum), but further research has placed it in tbe older parafloccular 
lobe, Tbe fissura secunda (Fig. 113), between tbe pyramid and uvula, 
is of minor moment ; tbe more important is tbe prae-pyramidar which 
separates tbe parafloccular from tbe middle lobe. Tbe paraflocculus 
(Fig. 113), part of which fills tbe subarcuate fossa of tbe petrous bone in 
lower primates (p, 336), is reduced to a vestige in man and anthropoids, 
Tbe various parts of tbe anterior lobe are demarcated early in develop- 
ment. In Fig. 113, B, they are named tbe lingula, central lobule and 
anterior crescentic or quadrangular lobule! Tbe culmen is tbe median 
part of tbe last-named lobule. That part of the middle lobe immediately 
behind tbe fissura prima appears early. Its median element forms tbe 
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anterior limit of the primitive neinal tube ; it lies over the terminal 
cephalic part of the notochord (Fig. 101) ; two cranial nerves (Illrd and 
IVth), corresponding to the anterior roots of spinal nerves, arise from it. 
A section across the mid-brain in the 4th week of development reveals 
the same divisions as in the cord— lateral neural plates made up of basal 
and alar laminae, united by a roof plate and a floor plate [11]. The 
same three zones arise — ependymal, mantle and marginal. In the 3rd 
month the quadrigeminal plate or tectum develops on the dorsal part of 
its alar laminae, much in the same way as the cerebellum arises mthin 
the alar laminae of the hind-brain. Neuioblasts invade the dorsal 
marginal zone and evolve into a formation which may be described as a 
cortex. 

The quadiigeroinal or tectal plate, which arises in the roof-plate of 
the mid-brain, represents the higher centres or “ brain ” of cold-blooded 
vertebrates [12]. Into it there still stream stimuli from the body, 
from the car and from the eye. In earlier stages of mammalian evolu- 
tion this was the executive centre for higher reflex movements of body 
and limbs. In the course of human development we see the tectum 
become dirided into the two superior colliculi, in which certain optic 
fibres end, and the inferior colliculi, to which fibres from the cochlear 
and vestibular nuclei make their way along the lateral lemniscus. The 
termination of certain optic fibres in the superior colliculus and the origin 
of the Illrd and IVth nerves from nuclei in the floor of the aqueduct 
show how directly the mid-brain serves in the reflexes connected with 
sight. Just under the tectum is the sensory nucleus of the Vth nerve 
wluch gives origin to the ophthalmic division of the Vth nerve. At a 
very early stage, too, appears, below the floor of the aqueduct and 4th 
ventricle, the medial longitudinal bundle whose fibres link the motor 
ocular nuclei with the vestibular nuclei. Associated with the precocious 
development and myclinization of the median longitudinal bundle or 
fasiculus is the early development of the posterior commissure in the 
roof-plate of the mid-hrain [13]- 

If the mid-brain is connected with sight it is also the seat of the right 
and left Red IVuclei, which are so closely concerned in the maintenance 
of posture. These important centres, however, are not entirely situated 
m the mid-brain ; their anterior and more recently evolved parts project 
into the thalamencephalon. 

From the 3rd month of development onwards the mid-brain becomes 
the highway of developmg efferent nerve paths which unite the basal 
masses and cortex of the fore-brain with nuclei in the pons, medulla 
and spinal cord, and of afferent or sensory paths which connect the 
nuclei of the cord, medulla and cerebellum with the basal masses of the 
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amongst mammals ; it is also greatly developed in swimming verte- 
brates. In primates, as in swimming mammals, tbe equilibrium of the 
body is finely and intricately adjusted. On embxyological grounds 
alone we would infer that the cerebellum is part of a sensory or receptor 
mechanism. Clinical and experimental observations indicate that its 
main function is to co-ordinate the various muscles of the body in per- 
forming definite acts. It is therefore on the afferent nerve system 
arising from the muscles, joints and bones that the cerebellum has been 
developed, but its position was determined by the nuclei of the vestibular 
nerves, cells of which invade the embryonic cerebellar plate. 

MID-BEAIN OE MESENCEPHALON 
• Even in the 7th week of development the mid-brain lies exposed under 



Fig, 114. Sagitta Jsection of the Head of a Human Foetus in the 7th week of devel 9 P- 
ment to show the relationship of the mid-Brain. (His.) 


the crown of the head (Fig. 114). It is separated from the hind-brain 
by a constriction — ^the isthmus ; in its concavity lies the cephalic flexure 
(Fig. 114). By the end of the 3rd month it is becoming overshadowed 
by the preponderating growth of the fore- and hind-brains, and by the 
6th month is reduced to the peduncular body which unite cerebrum with 
cerebellum, its ventricle or canal becoming reduced to the aqueduct which 
unites the 4th ventricle to the 3rd. 
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manifests its long evolutionary history. In the frog (Fig. 108) the 
tectal plate is distended by a div^ticuluni or recess — the mesocoeliac 
recess — of the central canal. Prof. Lucas Keene observed that this 
recess appears during human development, begins to be filled in during 
mid-foetal life and is obliterated soon after birth [15]. 

Constitution of the Mid- and Hind-Brain.— We have traced the develop- 
ment of the neural tube in a forward direction, and have reached the 
point where the mid-brain passes into the fore-brain. On the roof the 
point of transition is marked by the posterior commissure (Fig. 115) ; 
below the floor the notochord ends (Fig. 101). We have reached the end 
of the neural tube proper ; the part in front — the fore-brain — appears 



Fia. 116. Section of the interior part of the Roof of the Uid-Brain of n Cat. to show 
the lubcommissunl (cotombsural) organ. (Deodp and nichoUs ) 

to have arisen in connection with two great organs of sense, the nose 
and eye, but we shall also find it to be the seat of centres which dominate 
the sympathetic system. We find that the neural tube when it enters 
the region of the head becomes greatly altered in its constitution. This 
is due not only to the development of special parts, such as the pons, the 
cerebellum, tectal plate and special nerve tracts that umte the cerebral 
and spinal centres, but especially to the fact that the structure of the 
head is older and more complex than that of the body [IGj. In the head 
region another element appears, a ventral mesodermal somite or 
branchiomere, in addition to the dorsal mesodermal somite seen in the 
trunk region (Fig. 116). In the branchiomeres arise the gill arches, 
which are so apparent in the human embryo at the end of the 1st month. 
In the mid- and hind-brain special centres and neri’es are developed in 
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fore-brain. Tbe cerebral cortical paths develop in the marginal zone 
of the basal plates and form the crura cerebri, while the afferent paths— 
the median lemniscus — develop in the mantle zone, the tegmentum. 
In this zone, too, appears the red nucleus, but as yet its neuroblasts have 
not been traced to their source. 

Three Neural Flexures (see Figs. 101, 105, 107). — The pontine flexure, 
a convexity forwards of the pons, has already been mentioned ; it is the 
result of the elongation of the neural plates of the hind-brain due to the 
proliferation of the neuroblasts and the production of the cerebellar 
plates. The nuchal flexure is concave forwards, and occurs between the 
medulla and cord in the 4th week, becoming imdone as the neck develops 
at the end of the 2nd month. This flexure is compensatory and of but 
small import ; on the other hand, the cephalic or anterior flexure, where- 
by late in the 3rd week of foetal life the fore-brain appears as a down- 
ward and forward development until it comes to lie on the ventral aspect 
of the cephalic end of the notochord, leads to a great alteration in the 
form and relationships of the fore- and mid-brains, and is of great 
importance (Fig. 107). Even in embryos of the lowest vertebrate types 
the expansion and bending of the anterior end of the neural tube is 
apparent. The mid-brain by this flexure comes to be, for a short time, 
the most anterior part of the neural canal ; the fore-brain is doubled 
imder the notochord. Round the projecting end of the notochord — 
projecting between the mid- and fore-brains — are developed the posterior 
clinoid processes and dorsum sellae. The dorsum sellae marks the posi- 
tion of the anterior flexure in the adult brain. The tentorium cerebelli 
is developed between the mid-brain and fore-brain, and lies at first at 
right angles to the axis of the mid-brain,' but the subsequent great 
growth of the cerebrum forces it backwards and downwards imtil it 
becomes a horizontal partition between the cerebellar and cerebral 
chambers of the skull. 

Subcommissural Organ. — ^For some time it has been known that the 
ependyma on the roof of the mid-brain of lower vertebrates, immediately 
behind the posterior commissure (see Fig. 115), is modified to form a 
peculiar area of high columnar cells. The cells are related to a certam 
very large fibre (Reissner’s fibre), which descends ventral to the 
central canal of the spinal cord in fishes and amphibians. Dendy and 
Nicholls [14] have shown that this ependymal structure, to which they 
have given the name of subcommissural organ, occurs in all vertebrates, 
inclu(flng man. It is quite apparent in the human foetal brain, but is 
soon reduced to a vestige. The fibres are not nervous in nature. The 
function and significance of the structure are unknown. It is not only 
by the temporary appearance of this organ that the human mid-brain 
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the cranial part of the neural crest is represented as sending ganglion 
cells to two regions of the head — ^to the site of the lateral line organ of 
lower vertebrates and to the epibranohial placodes. Representatives 
of these structures do appear in the human embryo in the 4th week, but 





they appear to contribute neuroblasts to the head nerves — not to receive 
them [18]. 

Segmental Arrangement of Cranial Nerves. — ^^Ve have seen that seven 
neuromeres can be recognized in the hind-brain during the 4th week of 
development, and we may assign two segments or neuromeres to the mid- 
brain. But when we look at the ganglia and nerves of an embryo in the 
6th week of development (Fig. 1 18) it will be realized that it is impossible 
to assign a cranial or head segment to each of these. We have seen 
(p. Hi) that the segmentation of the spinal cord is secondary to that of 
the somatic mesoderm. The same is true of the mid- and hind-brains ; 
their real segmentation is that determined by the mesodermal segmenta- 
tion of the head region. In the human embryo it is easy to see that the 
Vllth nerve enters the second or hyoid arch and may be regarded as the 
ner\’e of the hyoid segment — which is to be reckoned as the 3rd_8egment — 
of the — but the nerve of the segment arises from the 4th neuromere 

of the hind-bram ; while the nucleus of the \Hth apparently arises 
from the 6th. We shall regard both of these neuromeres as belonging 
to the 3rd cranial segment. In thb segment of the head, then, we have 
an approach to the full complement of nerve elements found in a typical 
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connection with the gill arches. In the spinal cord there were two 
columns of motor nerves in the basal lamina, one for the somatic or 
voluntary muscles of the body, another for the visceral musculature, 
the splanchnic, but here a third or intermediate column is added — ^the 
motor cells for the muscles connected with the gills (Fig. 103). The 
branchial — or lateral somatic — ^nerves are represented in the mid- and 
hind-brain by the motor or ventral root of the Vth nerve, by the motor 
part of the Vllth, by the parts of the IXth, Xth, Xlth which supply 
striated muscles. The presence of branchial arches in the head region 
gives rise to a more complex arrangement of the nerve gangUa (Fig. 117). 
In the trunk region the neural crest gave origin to posterior root ganglia, 
the gangha of the sympathetic chain (pre vertebral), and other ganglia 



Fig. 116. Diagrammatic section across the posterior region of the Head of Ammoecetes 
— the immature form of the lamprey — ^to show a branohiomere and the ganglia 
derived from the neural crest of the hind-brain. (After Froriep.) 

stationed in front of the spine. The same ganglionic masses are 
developed in the hind- and mid-brains, but their arrangement is peculiar. 

In the head region the neural crest diSers from that of the trunk 
region in three respects, (t) In the head region the “ crest ” is divided 
into anterior, middle and posterior parts [17], The anterior part, 
arising from fore, mid and anterior part of the hind-brain, gives origin 
to all ganghonic cells connected with the Vth nerve (Fig. 117, A). The 
middle part of the crest, arising from the 4th (middle) neuromere of the 
hind-brain, gives origin to the ganglia of the Vllth and Vlllth nerves ; 
while the hinder part of the “ crest ” gives origin to the ganglia of the 
IXth and Xth nerves, (n) The “ crest ” is not separated from the edge 
of the medullary plate, as in the spinal cord, but comes away from the 
deep aspect of the plate in the form of a delamination, {in} In Fig. 116 
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mastication (lateral somatic or branchial root), the somatic sensory by 
the maxillary and mandibular divisions of the Vth nerve. The sensory 
root of the Vth nerve has spread its dominion until it now forms con- 
nections with all the segments of the mid- and hind-brain, and even 
reaches the upper segments of the spinal cord. There are no sensory'] 
somatic fibres in the nerves of Hie 4th, Dth, 6th and 7th cranial jor 
branchial^segments with the exception of the auricular branch of the.* 
vagus. The IXth, or glosso-pharyngeal, is the nerve of the 4th cranial 
segment and contains lateral somatic, e^erent and afferent splanchnic 
fibres (to otic ganglion). The vagus and bulbar roots of the spinal 
accessory represent the splanchnic efferent and afferent nerves of the 
5th, 6th and 7th segments — the most important segments in the neural 
tube, for they contain the nerve centres which dominate the heart, the 
lungs and the greater part of the alimentary canal. The vagus and 
spinal accessory contain lateral somatic fibres of the 5th, 6th and 7th 
cranial segments [20]. The somatic motor roots of the 5th, 6th and 7tli 
cranial segments ate represented by the fasciculi of origin of the Xllth 
nerve— the motor nerve of the tongue. The ganglia of the Vllth 
(geniculate), of the IXth (upper or jugular and lower or petrosal) and 
of the Xth (upper or jugular and lower or nodosum) contains two kinds 
j of nerve-cells : splanchnic motor and splanchnic sensory. Thus in 
the cranial region, cells which in the spinal region are placed in separate 
ganglia, posterior root and prevertebral, occupy the same ganglionic 
mass. It will he thus seen that embryology and comparative anatomy 
supply a clue to the manner in which the cranial nerves are arranged. 
The basis of that arrangement is strictly a physiological one, but the 
specialization in certain segments which has occuned in the course of 
evolution has destroyed the original simplicity of their arrangement. 
Further mention of the cranial nerves will be made in dealing with the 
nose, eye, ear, face and ^’isceral arches. 

In the human embryo vestiges of posterior roots and ganglia may I 
appear on the hinder hypoglossal fasciculi (Froriep’s ganglion) ; we may 
infer that at one time the occipital segments had nerves with anterior 
and posterior somatic roots [21]. Streeter also observed that the spinal 
rootlets of the Xlth nerve have vestigial ganglia (visceral sensory) on 
them when first formed (Fig. 118). 

Nona AJiD References 

, HI I use the tenn “ inferior medullaiy relviin” as equivalent to the whole of 
of the IVth ventricle. Other authors have restricted it to the part 
1 » ° a medullarj’ structure, namely, the part attached to the floccular 

.“‘^prfor this part the roof plate is made up of ependj-ma aud pia mater, 
aoioetunes distinguished as the teta chorofdea. See llochstetter. T., ZritscA. 
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cranial segment. The somatic motor fibres are represented by the VI th 
nerve (to the. external rectus) ; the lateral somatic motor or branchial 
by the motor fibres of the Vllth or facial ; the splanchnic efierent or 
motor by the secretory fibres of the chorda-tympani of the Vllth ; the 
afferent or splanchnic sensory by the gustatory fibres of the Vllth 
(chorda tympani and great superficial petrosal) ; the somatic sensory 
fibres by the Vlllth or auditory nerve. The cochlear and vestibular 
ganglia represent a modified posterior root ganglion ; the submaxillaiy 
i ganglion — a vagrant sympathetic ganglion. Thus the ,4th neural seg- 
ment has become associated with the hyoid (2nd visceral) arch, the eye 
and the ear. 

In the other segments of the head there have been great changes and 
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Fig. 118. The Nerves and Ganglia of the Slid- and Hind-Brain of an Embryo at the 
end of the 6th weeh of development. (After Streeter.) 

reductions. The first or premandibular segment has a composite nerve, 
the Illrd or oculo-motor. It contains somatic motor fibres (to the 
muscles of the eye-ball) ; sensory or proprioceptive fibres ; splanchnic 
motor fibres (from Westphal-Edinger nucleus to ciliary muscle and 
sphincter of iris) ; the long root to the ciliary ganghon contains sensory 
somatic fibres (Kiss). The ciliary ganghon represents a vagrant sym- 
pathetic ganglion of the first segment. To this segment must also be ^ 
assigned the ophthalmic division of the Vth. Although this nerve r 
represents the posterior root of a spinal nerve, yet its nucleus or ganglionf 
is situated within the mid-brain [19]. 

The nerves of the 2nd or mandibular segment are represented by the 
IVth or trochlear nerve (somatic motor), the nerves to the muscles of 
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mastication (lateral somatic or branchial root), the somatic sensory by 
the maxillary and mandibular divisions of the Yth nerve. The sensory 
root of the Vth nerve has spread its dominion until it now forms con- 
nections with all the segments of the mid- and hind-brain, and even 
reaches the upper segments of the spinal cord. There are no sensory^ 
somatic fibres in the nerves of the 4th, 5th, Gth and 7th craniaj^or ' 
branchial.segments with the exception of the auricular branch of the# 
vagus. The lXth,or glosso-pharyngeal, is the nerve of the 4th cranial 
segment and contains lateral somatic, efferent and afferent splanchnic 
fibres (to otic ganglion). The vagus and bulbar roots of the spinal 
accessory represent the splanchnic efferent and afferent nerves of the 
5th, Gth and 7th segments — the most important segments in the neural 
tube, for they contain the nerve centres which dominate the heart, the 
lungs and the greater part of the alimentary canal. The vagus and 
spinal accessory contain lateral somatic fibres of the 5th, Gth and 7th 
cranial segments [20]. The somatic motor roots of the 5th, Gth and 7th 
cranial segments are represented by the fasciculi of origin of the Xllth 
nerve— the motor nerve of the tongue. The ganglia of the Yllth 
(geniculate), of the iXth (upper or jugular and lower or petrosal) and 
of the Xth (upper or jugular and lower or nodosum) contains two kinds 
J of nerve-cells : splanchnic motor and eplancbnic sensory. Thus in 
the cranial region, cells which in the spinal region are placed in separate 
ganglia, posterior root and prcvertebral, occupy the same ganglionic 
mass. It will be thus seen that embryology and comparative anatomy 
supply a clue to the manner in which the cranial nerves are arranged. 
The basis of that arrangement is strictly a physiological one, but the 
specialization in certa'm segments which has occurred in the course of 
evolution has destroyed the original simplicity of their arrangement. 
Further mention of the cranial nerves will he made in dealing with the 
nose, eye, ear, face and visceral arches. 

In the human embryo v^liges of posterior roots and ganglia may 
appear on the hinder hypoglossal fasciculi (Froriep’s ganglion) ; we may 
mfer that at one time the occipital segments had nerves with anterior 
and posterior somatic roots [21]. Streeter also observed that the spinal 
rootlets of the Xlth nerve have vesti^al ganglia (visceral sensory) on 
them when first formed (Fig. 118). 


Notes Ain> References 

medullary Tclum” as equivalent to the whole o! 
the iwf plate of the IVth ventricle. Other authors have restricted it to the pari 
retains a medullary structure, namely, the part attached to the floccnlai 
part the roof plate ia made up of ependyma and pia mater, 
sometimes distmguished as the tela choroidea. See Hochstetter, F., Zeitach 



154 


HraiAN EMBKYOLOGY AND MORPHOLOGY 

A7iat. Eiiltvick., 1933, 101, 211 ; Johnston, T. B., Jour. Anal., 1934, 68, 471; 
Wilson, J, T., ibid., 1937, 71, 423. 

[2] Prof. J. E. Frazer {Manual of Embryology, 1940) describes the olivary bodies 
as arising in the ventro-lateral area of the medullary plate. 

[3] See The, Comparative Anatomy of the Nervous System of Vertebrates, including 
Man, by 0. U. Ariens Kappers, G. Carl Huber, and Eliz. C. Crosby, 1936 ,* Three 
Lectures on Neurobiotaxis, by C. U. Ariens Kappers, 1928. Prof. Raymond Dart, 
under the Law of InfUtraiion, has applied Neurobiotaxis to explain the evolution 
of the ganglionic masses and cortical areas of the cerebrum and cerebellum {Acta 
Zoologica, 1925, 6, 223 ; Jour. Anat., 1924, 58, 181). Prof. Wood-Jones has coined 
the term “ cytoclesis ” to cover all phenomena of inter-cellular attraction {Lancet, 
1924, 1, 484 ; Matrix of the Mind, 1928). 

[4] Flexner and Stiehler, Anat. Bee., 1938, 70, 27 (suppl.). 

[5] Weed, Louis, Anat. Bee., 1916, 10, 256 ; Amer. Jour. Armt., 1923, 31, 213 ; 
Jour. Anat., 1938, 72, 181 ; WooUard, H. H. ; ibid., 1924, 58, 89 ; Clark, W. E. 
Le Gros, ibid., 1920, 55, 41 ; Stopford, Sir J., ibid., 1930, ^A, 257 ; Gladstone and 
Dunlop, ibid., 1927, 61, 360 ; Rogers and West, ibid., 1931, 65, 457 ; Peter, K., 
Zeiiscli. Anat. Entwick., 1937, 106, 398 ; Cohen and Davies, Jour. Anat., 1938, 
72, 23, 430 ; Weiss, P., Anat. Bee., 1934, 58, 299. 

[6] Wilson, J. T., Jour. Anat., 1906, 40, 210. 

[7] See references to Flexner and Stiehler, note [4] ; to Cohen and Davies, 
note [5]. 

[8] See Ariens Kappers, note [3j ; Streeter, G. L., in Kiebel and Mall’s Maiiual 
of Embryology, 1912 ; Frazer, J. E., Manual of Enibryology, 1931 ; EUiot-Smith, 
Sir G., Jour. Anat., 1903, 37, 329 ; Abbie, A. A., Proc. Boy..Soc., 1934, 115 (B), 
504 ; Botterell and Pulton, Jour. Comp. Neur., 1938, 69, 31 ; Hindenach, J. C. R., 
Jour. Anat., 1931, 65, 283 (in Sphenodon ) ; LarseU, O., Jot/r. Comp. Neur., 1936, 
63, 65 (in opossum) ; 1936, 64, 275 (in bat) ; Ziehen, Th., A^iat. Am,, 1935, 80, 
25 ; Dow, R. S., Jour. Comp. Neur., 1938, 88, 297. 

[9] See reference to Hindenach, J. C. R., note [8]. 

[10] For reviews of the evidence bearing on localization of function in the 
cerebellum, see works mentioned in note [8] by BottereU and Pulton, Ariens Kappers 
and Abbie ; see also Text Book of N euro- Anatomy, by Prof. Kimtz, 1937, and the 
late Prof. Woollard’s Becent Advances in Anatomy, 1927. 

[11] I have written as if there is no doubt that aU four elements are present in 
the mid-brain — ^floor-plate, roof-plate, basal and alar laminae. Dr. K. F. Kings- 
bury believes that the floor-plate ceases at the isthmus (hinder end) of the niid- 
brain {Jour. Comp. Neur., 1922, 34, 461). He is also of opinion that the basal 
lamina is not represented in the front part of the mid-brain. ProfTFrazer holtk 
that the nucleus of the IVth nerve, although developed in the basal lamina, is 
carried to its peculiar position in the roof-plate during a migration of basilar 
neuroblasts {Jour. Anat., 1929, 63, 7). See also Addens, J. L., Zeitscli. Anal. 
Entwick,, 1933, 101, 306. 

[12] Goldby, P., Jour. Anat., 1937, 71, 332. 

[13] Lucas Keene, M. F., Jour. Anat., 1938, 72, 488 ; Lucas Keene and Hewer, 
ibid., 1933, 67, 522 ; Windle, W. F., Jour. Comp. Neur., 1936, 63, 139. 

[14] Quart. Jour. Mic. Sc., 1913, 58, 1. 

[15] Jour. Anat., 1938, 72, 488. 

[1 6] See reference to Prof. De Lange’s work, note [6], Chapter HI ; also references 
contained in note [2], Chapter XII. 



155 


THE MID- AND HIND-BKAINS 

[17] Baxter and Boyd, Joxtr. Anal., I937i 73, 318. 

[18] For accounts of the development of the neural crest, sec Bartlemcz and 
Evans, Contrib. Etnb., 1920, 17, 1 ; Adelmann, H. B., Jour. Comp. Ntur., 1925, 
39, 19 ; West, C., Conlrib. Emb., 1930, 21, 25 ; Atwell, W. J., ibid., 1930. 21, 1 ; 
Schneider, A. J., Anal. Etc., 1928, 38, 321 ; Frazer and Whitehead, Brain, 1925, 
48,458(Gasserianganglion) ; forepibranchiaiplacodes(m8parrow),8ee Goldby,F., 
Jour. Anal., 1928, 63, 135. 

[19] Kiss, F., Jour. Anal., 1932, 66, 488 (finds that cells of ciliary ganglion are 
similar to those of a posterior root ganglion) ; see also on this matter article by 
Blair and Davies, Lancet, 1933, 1, 1113. For ganglia of vagus, see Fahmy, N., 
Jour. Anat., 1927, 61, 293. 

[20] The striated muscles supplied by the Xltb nerve arc assigned to the 
somatic musculature by Dr. J. L. Addens {Zeitsch. Anal. EntwieJe., 1933, 101, 306). 

[21] Wilson, J. T., Jour, Anal., 1925, 59, 345 ; Pearson, A. A., Jour. Comp, 
Neur., 1938, 68, 263 ; Tarkhan, A. A., Zeitsch. Anal. Enticich., 1936, 105, 349 ; 
Barnard, J. W., Jour, Comp. Ntur., 193G, 65, 503. 



CHAPTER X 


THE FORE-BRAIN OR PROSENCEPHALON 

Origin of the Cerebrum. — It is in connection with the fore-bram that 
the most distinctive and most complex of all human structures arises — 
the cerebrum. If we confine our attention purely to the developmental 
changes which occur in the fore-brain of the human embryo, we shall 
understand very imperfectly the origin and nature of the human brain. 
It is true that on developmental evidence alone we may infer that the 
fore-brain, although situated at the anterior extremity of the neural 



Fig. 119. Longitudinal section of the Brain of a Lari'al Fish, to show the primary form 
and relations of the fore-brain. (Kupffcr.) Note especially that the whole roof is 
formed by a choroidal velum. 


tube, does not represent a prolongation of all the elements of the tube : 
the floor plate disappears as the 3rd ventricle is entered, and so does 
the basal (motor) lamina, but not all of it. We shall see that- there is a 
continuation of a most important representation of the sympathetic 
element of this lamina in the form of the hypothalamus (Fig 122). The 
element chiefly represented in the fore-brain is the alar or dorsal lamina, 
which we know to subserve sensory functions. To obtain a proper 
appreciation of the fore-brain, however, one must study the fore-brain 
in the lowest of vertebrates — ^the Lamprey. In Fig. 119 the brain of 
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tliis primitive fish is represented. The fore-brain is made up of two 
parts — a posterior, the thalamenccphalon or diencephalon, with which 
the retinae and optic tracts arc connected, and an anterior or 
telencephalon, in which the olfactory nerves terminate. The two parts 
of the fore-brain have thus arisen in connection with the sense of sight 
and the sense of smell; secondary nerve masses have arisen in these two 
parts of the fore-brain — the optic thalamus in the posterior and the 
corpus striatum in the anterior ; but the optic thalamus receives not only 
nerve tracts connected with the sense of sight, but other sensory tracts 
connecting it with ail the systems of the body — skin, muscles, joints, 
ear, etc. — andthusbecomesa centre for the orderly distribution of sensory 
messages to all parts of the fore-brain — particularly to the cerebral 



no. 120. The Brain of the Lamprey from above. (After R H. Bume.) 

cortex. Its connections with the fore-brain are reciprocal; it receives 
as well as dispatches. The corpus striatum — the secondary mass in the 
anterior or olfactory part, the telencephalon— deals with messages 
received from both thalamus and cortex, seniung as a great reg ulat ing 
and controlling centre. In the brain of the lamprey the mid-brain 
and the two parts of the fore-brain form a “ federation of centres ” [1]. 
In mammals the telencephalon becomes the dominant part ; the cerebral 
hemispheres arise in it. Thus our cerebral hemispheres have arisen in 
connection with parts which have become insignificant — the olfactory 
nerve centres. The telencephalon has received and formed communi- 
cations with all parts of the central nervous system, and become the 
central exchange of all sensory impulses and also the seat of consciousness 
and of will. 

The Fore-Brain of the Human Embryo. — In the 4th week of develop- 
mt there is a resemblance between the human fore-brain and that of 
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a fish ; both are of a simple vesicular form (compare Figs. 119 and 121). 
In S 9 me respects the fish’s brain is the more instructive, because its parts 
are clearly differentiated. In the fish the roof of the 3rd ventricle — ^the 
name given to the central canal of the thalamencephalon — contains no 
nerve tissue ; it is membranous, and forms a choroid plexus. The 
pineal body arises from the posterior part of the roof, immediately in 
front of the posterior commissure (Fig. 119). The representatives of 
those parts are seen in the roof of the 3rd ventricle of the human embryo 
(see Figs. 121, 122, 123). On the narrow floor of the 3rd ventricle are 
to be seen all parts of the hypothalamus, including the^infundibular part 
of the pituitary body and the optic chiasma — or the plate in which the 
chiasma will be formed. In both the fish and the human embryo the 
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Fig. 121. Sections of the Fore-Brain at the beginning {A) and near the end (B) of the 

4th week of deveiopment. 


anterior wall of the 3rd ventricle is formed by a plate of neural tissue 
the lamina terminalis. 

Parts developed in the Wall of the Fore-Brain. — ^^Vhen a model of the 
fore-brain of an embryo in the 4th week of development is laid open, as 
in Fig. 121, it is possible to identify its two main divisions — a posterior 
or thalamencephalon, its central cavity becoming the 3rd ventricle (Fig. 
121, B), and an anterior or telencephalon, which will enclose the lateral 
ventricle. At the junction of these divisions, but yet lying distinctly 
in the wall of the thalamencephalon, is seen the wide evagination 
(Fig. 121, A) which gives rise to the optic vesicle — the basis in which 
the retina and optic nerves will develop. A section across the thalamic 
region of the fore-brain at this stage shows a right and left lateral plate, 
their basal margins being united by a trough-like floor provided by the 
hypothalamus, while their dorsal margins are joined by a roof plate— 
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wtich, late in the 2nd month, becomes converted into the choroid plexus 
of the 3rd ventricle, just as vas the case with the roof plate of the 4th 
ventricle. The lateral plates show the usual three zones during the 
4th week — an inner ependymal, in which an active cellular proliferation 
is giving rise to the thalamus and other nuclear masses; a middle or 
mantle zone, into which the proliferatingneuroblasts spread; and an outer 
or marginal, which in the 3rd month becomes invaded by the great 
trackways leading to and from the fore-brain. At this early stage, 
too, a groove can be seen running obliquely on the lateral wall of the 
3rd ventricle, from the floor of the mid-brain to the optic recess (Fig. 122), 
indicating a division of the lateral plate into an upper or thalamic and a 
lower or hypothalamic region. In the upper region will be differentiated 
the optic thalamus [2], with, over it and just under the roof-plate (Fig. 
122), the epithalamus (pineal body, gangba of the habenula, striae 



FIG. 122. 'ilic TbalamenccpUaloD towards tlie end of t>ie6th week of de\ elopmenc 

pmeales or medullares), while in the lower region and in the floor plate 
are differentiated the hypothalamus, including the infundibular stalk 
of the pituitary body, the tuber cinercum, the mamillary bodies and 
the posterior perforated space. Here wc are chiefly concerned with the 
walls of the 3rd ventricle, but it may be noted in Figs, 121, A and B, 
that the three areas of the telencephalon can also be identified : the 
cortical or pallial area of the cerebral evagination, the striate area — 
forming a junctional zone between the thalamic and hypothalamic 
regions of the 3rd ventricle and the pallial area of the lateral ventricle 
(Fig. 121, R)— and an olfactory area. At the beginning of the 4th week 
(Fig. 121, A) the neuroporc is still open, and the olfactory areas which will 
appear at each side of the closed openii^ can hardly be said at this'time 
to be differentiated. 

By the end of the 6th week certain notable changes have occurred in 
the fore-brain (Fig. 122) ; the cerebral vesicle is now rapidly expanding, 
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its hinder or occipital end beginning to grow over and cover the roof and 
lateral walls of the thalamencephalon. The opening of the lateral 
ventricle has become relatively smaller, o^ving to the upgrowth and more 
intimate fusion of the corpus striatum with the optic thalamus. In the 
hypothalamic region we can now see a recess-behind the optic cbiasma, 
indicating the downgrowth of the infundibular process of the pituitary 
body (hypophysis), and in contact ^vith the floor plate an area of ectoderm 
developed from the embryonic mouth or stomodaemn, which will form 
the anterior or glandular part of the pituitary. The roof plate is now 
begi nn i n g to be converted into a secretory structure — ^the choroid plexus 
of the 3rd ventricle. The roof plate can be seen to extend (Fig. 122) 
from a slight dip or fold over the foramen of Monro to the region of the 
posterior commissure at the'^nterior border of the mid-brain. 

In Fig. 123, which represents in a diagrammatic manner the simple 



Fig. 123. Diagram or the Embryonic Fore-Brain, to show how its -various parts become 
linked to sensory tracts. (Elliot-Smith.) 

fore-brain of an embryo at the end of the 1st month of development, 
there have been represented — ^following a scheme devised by the late 
Sir G. EUiot-Smith — ^the great sensory pathways which terminate in 
the thalamencephalon and make it into the great court of sensory appeal. 
These fibre tracts, which do not begin to make their way through the 
mid-brain from the medulla and cord tmtil the end of the 3rd month of 
development, are depicted by simple arrows — ^the medial lemniscus and 
auditory tract ending in the optic thalamus, while the gustatory tract 
ends in the hypothalamic region. Belays of fibres commencing in the 
thalamencephalon carry optic, auditory, gustatory and common sensory 
impulses to the telencephalon — ^the highest court of sensory appeal. It 
is when this broad conception of the relationship of the fore-brain to the 
sensory tracts is grasped that we begin to understand the reason for the 
transformation of the simple fore-brain of the embryo into the elaborate 
cerebrum of the adult. The thalamus and fore- brain reach their highest 
point of evolution in man. 
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In the fully developed human brain the thalamus dominates the lateral 
wall of the 3rd ventricle, but even as late as the 3rd month of foetal 
development (Fig. 124) it remains relatively small, while the epithalamus 
and hypothalamus are relatively large. In the adult brain the opposite 
is the case, and this is due not to any reduction in the development or 
function of the hypothalamus or epithalamus, but to the extreme growth 
of the human thalamus. All three parts — epithalamus, thalamus and 
hypothalamus — are interposed between the olfactory area of the telence- 
phalon in front and the centres of the mid-brain behind (Fig. 124). All 
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three are traversed by nerve tracts which serve to link them up with 
smell brain and with mid-brain. 

The Lamina ferminah’s forms the anterior or terminal wall of the 
simple fore-brain of the 4th-week embryo (Fig. 121, B ) ; it is completed 
by the closure of the neuroporc (Fig. 121, A). AVhen the cerebral 
vesicles grow out it becomes demarcate as a plate stretching from the 
foramen of Monro above to the optic chiasma below (Fig, 122), and join- 
ing together the olfactory areas of the cerebral vesicles. This simple 
plate, which comes to form the anterior wall of the 3rd ventricle, begins 
to assume great importance in the 2nd month, because it serves as a 
bridge for the crossing of nerve tracts between the right and left halves 
of the telencephalon. The development of these commissural tracts 
will be mentioned later i in the meantime it may be pointed out that 
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part of it retains almost its embryonic state in tbe adult and forms the 
lamina cinerea whicb closes the anterior wall of the 3rd ventricle between 
the optic chiasma below and the corpus callosum above. 

Hypothalamus [3]. — have said that the hypothalamus — ^the complex 
of structures which forms the floor of the 3rd ventricle — ^represents a 
continuation of the visceral or sympathetic element of the basal lamina. 
This statement is founded on the remarkable discoveries now being made 
as regards the functional nature of the hjrpothalanius. These discoveries 
show it to be the headquarters of the sympathetic or visceral system of 
the body. Comparative anatomy, too, shows the hypothalamus to be 
r amongst the most ancient parts of the human brain — perhaps the most 
ancient. In its walls, during the 2nd month, there is differentiated a 
scattered series of nerve cells in three rather ill-defined groups — anterior, 
middle and posterior (Fig. 124). The earliest nerve tracts to appear in 
the brain arise in connection with these centres. Through these tracts 
the hypothalamus becomes linked during the 2nd month of development 
wdth olfactory centres, which lie immediately in front of it, and with 
centres in the mid-brain just behind it, both tectal and tegmental. In 
the course of development tracts are established to carry to it stimuli 
from olfactory, gustatory and visceral centres. Also efferent paths are 
established which give the hypothalamus dominion over the viscero- 
motor centres of brain-stem and cord. The posterior centres are 
connected with the sympathetic stations of the medulla and spinal cord 
by relays of fibres ; it dominates the lower centres in the structures just 
named. The posterior centres receive communications from the antenor 
(supraoptic) and middle (tuberal) centres. All are concerned in the 
conduct and management of the animal or vegetative functions of the 
body — digestion, assimilation, metabolism, heat regulation, sexual life, 
sleep, temper, etc. Later communications are developed between 
hypothalamus and thalamus (in which I include the subthalamus or 
ventral thalamus). Then, through the thalamic centres, two parts of 
the human cerebrum become connected with the hypothalamus. These 
are the cingular gyrus (gyrus fornicatus), which is sensory or receptive 
in function, and the anterior frontal cortex, which can thus exert an 
inhibitory or controlling influence on the hypothalamic centres. The 
establishment of such connections made human civilization possible [5J- 

In Fig. 125 the nerve supply to the pituitary body is indicated by the 
lowest arrow. The fibres of supply arise from cells situated in the 
anterior or supra-optic group and end chiefly in the neural lobe, but 
fibres have been traced to the intermediate and anterior glandular parts. 
As evidence now stands it seems best to regard the pituitary as the hand- 
maid of the hypothalamus. We have seen that the hormones which 
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regulate the ripening of the gonads arc formed in the pituitary [4]. 
There are grounds for believing that the functions of the pituitary are 



Fio. 125 Dtamam to «how the PoatUon of ttw three chief Nerve Centrea In the floor of 
the 3rd ventricle {hvpothafamus). The artowa indicate the chief connections of 
these centres. tProf. John Seattle.) 

S, Supra-optlcpoupcfBuclel , P. posterlorKroopofnnclel; T.J/., tubernuelel i ST,. 
nbrei from stila tennlnalit: Thai , fibres from thalamus . li, fibres from medial 
fore>bralQ bundle. The other arrows Indicate connecting and efferent tracts 

timed by centres situated in the hypothalamus Similarly with the 
growth*regulating hormones formed within the pituitary. 

Glands arising from the Walls of the 3rd Ventricle.— We have seen that 
the roof plate of the 3rd ventricle is converted into a secretory structure — 
the choroid velum. We now proceed to note the manner in which two 



Fio. 126 FlQ. 127. 

Pio 126 Section of the Pituitary Body of a Human Foetus In the 5tli month. 
fUdin^c.) 

Pia 127. Showing the position of the Ihnral liody and Ita commissure and ganglion. 


remarkable glandular bodies arbe in connection with the 3rd ventricle 
—the pituitary in relationship to the anterior part of its floor and the 
pineal from the hindmost part of its roof. We must suppose that their 
functions arc closely related to those of the central nervous system. The 
position and connections of thise two bodies will be seen in Figs. 126, 
127. A sagittal section of the pituitary body of a foetus of the 5tb 
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month is dra'nm in Fig. 126, showing the neural part, derived from the 
floor of the 3rd ventricle, and the buccal, derived from the ectoderm of 
the primitive mouth. The glandular mass of the buccal element is 
divided by its central cavity into a larger anterior part or lobe and a 
smaller, paraneural or intermediate part, aj)plied to the neural element. 
Besides these two parts there is a third, the lateral or tuberal part, which 
is seen on section in Fig. 126, applied as a plate to the neck of the 
i n fundibulum. The pineal body of a newly born child is represented 
in Fig. 127 ; it is about the size of a wheat grain, resting on the roof of 
the mid-brain between the superior corpora quadrigemina. On each 
side are seen the upper surfaces of the optic thalami. Running forward 
from it are the striae pineales ; at each side is the habenula with its 
nuclei. 

Pituitary Body [6]. — As is so often the case in the development of the 



FiQ. 128. Sagittal section of the Pituitary Body of a Pup Dog-Fish. 
(After Baumgartner.) 


human body, procedures which take place obscurely in man present 
themselves with almost diagrammatic sharpness in low vertebrates— 
particularly in selachians, of which the dog-fish may be taken as a type. 
The original saccular form of the pituitary body and its division into 
three parts or lobes are well seen in the pup dog-fish (Fig. 128). The 
original stalk is indicated, and the three parts into which the sac becomes 
divided by the growth and proliferation of the epithelial cells in its walls 
are shown. The lateral or tuberal parts arise as right and left diverticula 
near the root of the stalk. The tuberal part, as a distinct element of 
the pituitary complex, was first recognized by Dr. Tihiey in 1913 [7], 
but since then its presence has been noted in all vertebrates, including 
man. The lateral or tuberal parts as they expand become applied to 
the infundibular region of the floor of the 3rd ventricle, their cells 
invading the arachnoid and occupying its meshes. 

By the end of the 4th week the basis of the buccal part of the pituitary 
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posterior border of the nasal septum. Usually some fragments of the 
pituitary stalk persist in the mucous membrane on the roof of the naso- 
pharynx ; cases occur in which, owing to a malformation of the base of • 
the skuU, the whole pituitary body lies in the posterior part of the nasal 
septum. By the 9th week the stalk has disappeared, but occasionally 
a canal in the body of. the sphenoid bone of the adult — the cranio- 
pharyngeal canal — ^marks the site of the embryonic stalk [9]. 

During the 3rd month the epithelial lining of the pituitary sac grows 
rapidly, particularly in the anterior part, where glandular masses encroach 
upon the lumen (Fig. 130), ultimately obhterating all but the ceniral 
space between the anterior and intermediate parts. The gland encapsules 
itself in the tissues of the dura mater, branches of the internal carotids 
and mesodermal tissue entering the glandular masses as they begin to 
proliferate into the central cavity. 

Many theories have been formed to account for the position and forma- 



FiG. 130. Coronal section of the Pituitary Body of a Human Foetus at the beginning 
of the 4th month of development. The section is across the anterior lobe. 

tion of the pituitary in the floor of the 3rd ventricle. Its early history 
has to be sought for amongst our invertebrate ancestors. Gaskell, who 
regarded the neural or cerebro-spmal canal as the homologue of the 
invertebrate alimentary canal, homologized the pituitary evagination 
of the buccal ectoderm with the invertebrate mouth and gullet, and. the 
pituitary body itself with the coxal glands of crustaceans [10]. The 
pituitary body exercises a curious influence on the growth of the body, 
especially on certain parts, such as the face and limbs. Disease of the 
pituitary body may lead to overgrowth of the limbs, as in giants, or 
of the face, as is seen in cases of acromegaly [11]. It forms certam 
substances (hormones) which regulate the activities of the ovary, testis 
and uterus. 

As is shown in Fig. 130, the body of the gland is embedded in the dura 
mater, only its neck lies within the arachnoid [12]. The veins of the 
infundibular portion form a fine plexus which empties its blood into the 
sinusoids of the anterior lobe [13]. Certain nexual cells in the hypo- 
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thalamus and in the neural lobe of the pituitary are secretory in 
nature [14]. 

Pine^ Body or Epiphysis [15]. — ^In recent years it has been shown that 
both pituitary and pineal bodies secrete substances which have a 
powerful influence on the development and grow’th of tissues, that of the 
pineal being more especially on those parts which undergo changes at 
sexual maturity. The situation of the pineal body at the hinder end 
of the roof of the 3rd ventricle is shown in Fig. 127, but its connections 
— especially with the posterior commissure, habenular commissure and 
choroid plexus — are better seen in Fig. 115, p. 149. Originally the 
Pineal organ was a complex structure, consisting, as is shown in Fig. 131, 
of a parietal organ or eye, the organ being socketed in the sagittal suture, 



and an adjacent glandular structure opening on the roof of the 3rd 
ventricle [16]. In mammals, as in man, only the 2nd or glandular part, 
nerve nuclei and commissures are developed. In fossil reptiles and in 
some forms still living a median eye is formed which perforates, and 
appears on, the dorsum of the head, between the parietal bones, a relation- 
ship which is simulated in the head of the human foetus during the 
2nd month (Fig. 114, p. 146). The pineal eye difiers from the lateral 
eyes which grow from the 3rd ventricle as the optic vesicles in that it 
produces the lens as well as the retina and optic stalk. The retina is 
mverted — i.e., the apices of the rods and cones point towards the vitreous 
chamber. The ganglion of the habenula, situated on the dorsal and inner 
aspect of the optic thalamus (Fig. 127), appears to represent its terminal 
ganglion, but it must also he remembered that this ganglion receives 
the pineal stria which arise from various olfactory centres and has 
communications with hypothalamus, thalamus and mid-brain. The 
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two ganglia become connected across the roof plate by a commissure 
{tbe superior or habenular commissure) (Fig. 127). 

The manner in which the pineal body arises in man is shown in Fig. 132. 
At the posterior end of the fore-brain, and immediately in front of the 
site of the posterior commissure, the ependymal lining grows out in the 
shape of a pocket in the 6th week of development. The evaginated cells 
form a zone of cellular proliferation (Fig. 132, A), as we have seen is the 
case everywhere in the neural tube, but in this instance the cells produced 
are mainly glandular in nature, there being, however, as Dr. Krabbe 



FiQ. 132. Shomng stages of development of the Pineal Body in the roof of the fore- 
brain : A, in the 3rd month ; S, in the 0th month. (After Krabbe.) 

observed, also some neuroglial and neuroblastic elements. From the 
anterior wall of the pocket a mass of cells separates early to form an 
anterior lobe (Fig. 132), while others from the fundus produce a posterior 
lobe. In the 5th month (Fig, 132, B), the pineal body assumes its final 
form ; part of the recess or pocket becomes closed oS in the distal 
part of the gland. The glandular mass is invaded by vascular and 
mesenchymal tissue, and the same formation of interlacing columns is 
produced as is seen in the buccal part of the pituitary and in the cortex 
of the adrenal. In adults only a few of the glandular cords of the pineal 
persist ; often they disappear altogether. 
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Gladstone and Wakeley[17], "wlio have confirmed and extended 
Kiahbe’s observations, find that wlnle the distal part of the cavity of 
the pineal diverticulum is obliterated by glandular development, the 
stalk or more proximal part of the recess ultimately merges in the cavity 
of the 3rd ventricle. 

Prof. Le Gros Clark observed [18] that certain nerve fibres which issue 
from the pineal by its stalk end in the coats of the great vein of Galen 
and in the proximal part of the straight sinus, within the lumen of which 
a pacchionian-like granulation projects. There may be here, as he has 
suggested, a receptor mechanism which regulates the outflow of venous 
blood from the vessels of the ventricles and thus helps in the control of 
the pressure of cerebrospinal fluid within them. Cysts or tumours of 
the pineal frequently compress the veins as they issue from the medullary 
velum, and so give rise to distension of the ventricles [19]. 

How it has come about that certain tumours of the pineal body, like 
those of the cortex of the adrenals, have the power to secrete hormones 
which bring about an abnormal or premature development of secondary 
sexual characters still remains an enigma. It is possible that tho pineal 
eye in early reptilian forms may have convoyed stimuli which regulated 
the maturation of gonads. 

"We have finished our survey of the structures which arise in tho walls 
of that part of the fore-hrain which encloses the 3rd ventricle ; we shall 
proceed in the next chapter to trace the origin of the important structures 
developed in the walls of that part of the fore-brain (telencephalon) 
which ultimately encloses the lateral ventricles. Before doing so it may 
be helpful to turn back and fill in certain details relating to parts we have 
already surveyed and to touch on matters which will come up for our 
consideration in the chapter which follows. This can be done best by 
help of an illustration (Fig. 133), taken from a recent paper by Prof, 
dudson Herrick [20]. The illustration represents a median sagittal 
section of the brain of a larval axolotl just entering the swimming phase 
of its exUtence. In form, this tubular brain has a close resemblance to 
that of a human embryo in the 6th week of development (Fig. 122, p. 159). 
The wall of the axolotl brain has been mapped into structural areas by 
Prof. Herrick ; these areas are also functional in character. There is 
every reason to believe that if the developing human brain were to be 
suitably examined the same areas would be found and that they would 
occupy corresponding positions. 

Let us consider first the areas of the cerebral vesicle (telencephalon). 
Area 1 becomes the olfactory bulb ; the ectoderm covering this area 
becomes transformed into the olfactory placode. The areas 2, 3 are 
also^dcvoted to the sense of smell, 2 becoming the basis of the pyriform 
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lobe and 3 that of the hippocampal complex of the human brain. 
Between the areas 2 and 3 are evolved all the new cortical areas (neo- 
cortex) of the mammalian brain. The neocortex makes up the greater 
part of the human cerebrum. Area 4 (paraterminal) and area 5 (preoptic) 
are also olfactory in nature and function. Thus it will be realized that 
the cerebral vesicle arose as an adjimct to the sense of smell. 

It is important to note the position of area 6, the strio-amygdalate. 
It lies at the junction of the first and second di^usions of the fore-brain, 
where the foramen of Monro vill be estabhshed. Areas 2 and 3 become 
cortex, but area 6 remains buried ; its developing neuroblasts are crowded 
in the deep or ependymal border, and form deep nuclear masses — ^the 



Fig. 133. Median sagittal section of tlic Brain of a Lar\'a] Axolot mapped into 
morphological areas. ( J udson Herrick.) The areas of the telencephalon (eer. ves .) 
are numbered 1-6 ; op. tcc., optic recess ; lam. t., lamina terminalis ; diias., 
section ■ of optic cliiasma ; the areas of the thalamencephalon {thal. c.) are 
numbered 7-15; those of the mesencephalon. (mid-brain) are numbered 16-22. 

For further explanation, see text. 

old striate (paleo-striate) and the old amygdaloid bodies. Seeing that the 
more superficial parts of the first or cerebral vesicle are subservient to 
the sense of smell, we are not surprised to find that the adjacent deep 
masses of area 6 are of the same nature. They serve as relay stations 
between the cerebral vesicle and adjoining areas of the thalamencephalon. 

Above area 6, between it and the olfactory areas, 2, 3 (Fig. 133), there 
arose during the evolution of early mammals a new deep nuclear mass, 
the new striate or neostriatum, which is added to the old striate and old 
amygdaloid to form the corpus striatum of higher brains. Thus in that 
very complex nuclear mass the corpus striatum, at the base of the 
human brain, we find two elements : the old — ^the part already evolved 
ia fish and in amphibia ; and the new — the part which reaches the climax 
of its development in the human brain. . 
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We may pass lightly over the areas mapped in the second vesicle, 
the thalamcncephalon or diencephalon. Its cavity becomes the 3rd 
ventricle. Areas 7, 8, 9 are parts of tte hypothalamus, 10 being the 
hypophysis, or pituitary body, attached to its floor. The epithalamus 
is represented by areas 11, 12, 13 — ^relatively large areas. The thalamus 
proper is represented by the rather restricted areas 14, 15. Area 14 
becomes the huge thalamic mass of the human brain, while area 15 
becomes the subthalamus (ventral thalamus). The position and relation 
of the subthalamic area are noteworthy. It is interposed between the 
thalamic above (14) and hypothalamic below (7, 8, 9), and between 
the striate area (6) in front and the tegmental areas (17) of the mid- 
brain behind, serving as a junctional centre for the masses developed 
from these areas. 

The areas mapped in the mid-brain are : tegmental (18), supra- 
tegmental (10, 17), areas which become linked by the posterior com- 
missure. Area 20 is the tectal area, the chief executive centre in the 
brain of the axolotl, while area 19 is involved in tectal functions. In 
area 21 we reach the cerebellar region of the hind-brain, while area 22 
is the tegmental mass which occupies the region of the isthmus, the 
constriction which separates mid- from hind-brain. With this intro- 
duction we pass on to consider the rise of the human cerebrum in the 
next chapter. 
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CHAPTER XI 


THE FORE’BRAIN OR PROSENCEPHALON (continued) 
CEREBRAL VESICLES 

Wc are now to follow the development of the organ which has given 
man the domination of the world — ^thc cerebrum proper, comprising 
the right and left cerebral hemispheres. Nothing could be simpler 
than the cerebral vesicles at the end of the 1st month of development : 
they are merely button-like bulges on the right and left walls of the 
fore-brain (Fig. 121). Each. button-lUcc vesicle may be demarcated into 
three areas — a relatively small olfactory area in front, which will bo 
evagmated to form the ^fadoru re side, afterwards converted into the 
olfactory bulb and tract ; asfriatejitea, in which that great basal mass of 
nerve nuclei known as the corpus striatum will be developed ; and a 
‘pallia l or mantle area, in which the cortical centres which make up the 
great mass of the cerebral hemispheres arc produced. In each vesicle 
there is also a fourth or sccretonj area, which, however, does not become 
defined imtil the middle of the 2nd month, when it is folded within the 
cavity of the vesicle to form the glandular covering of the choroid 
plexus of the lateral ventricle. 

It is important to note the manner in which the cerebral vesicles are 
connected to the walls of the 3rd ventricle and to each other. At what 
may be called its posterior border each vesicle is continuous with the 
optic thalamus (Figs. 121, 122) ; at its lower border, with the hypo- 
thalamic region. At both of these borders it is the striate area which 
Joins with the thalamic regions ; nerve tracts which arise in the nuclei 
of these regions and pass to the mantle must traverse the striate zone : 
there is no other route. Hence the corpus striatum becomes the bond 
which links each cerebral vesicle to the thalamencephalon ; it becomes 
the highway for the internal capsule, the name given to the great afferent 
and efferent nerve- tracts which link the lower nerve centres to the cortex 
and the cortex to the low'er centres. 

Having thus examined the connections of the cerebral vesicles along 
their posterior and inferior borders, wc now turn to the remaining two — 
the anterior and superior borders (Figs. 121, 122). Along the anterior 
border one cerebral vesicle is united to the other by the lamina ierminalis, 
which, wc shall see, becomes enormously distorted by the development 
within it of (t") the anterior comnu^ure, (ti) the hippocampal commis- 
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sure, and (m) on its immediate vicinity, the corpus callosum (see Figs. 
144, 145, 146). Along the superior border the vesicles are united by a 
roof plate ; posteriorly the cerebral roof plate is continuous with that 
of the 3rd ventricle, which at the 6th week becomes transformed into 
choroidal ependyma (Fig. 136). A similar change affects the roof plate 
and a neighbouring area of the cerebral wall to form the vdum inter- 
posiium. The roof plate at first lies over the widely gaping orifice of 
the cavity of the cerebral vesicle (Fig. 121). By the end of the 6th week 
(Fig. 122) the expansion of the cerebral vesicles has commenced ; we 
can then name the cavity of each vesicle — lateral ventricle; and its con- 
stricted communication with the 3rd ventricle, the interventricular 
opening or foramen of Monro. 

Expansion of the Cerebral Vesicles. — ^By the middle of the 2nd month . 
the rapid expansion of the cerebral vesicles has commenced, as may be 
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Fig. 134. The e-xpansion of the right Cerebral Vesicle and the formation of the Corpus 
Striatum in its floor, during the 6th week of development. 


seen in Fig. 134. Already the posterior or temporal region is passing 
baclcwards and downwards on the side and roof of the thalamencephalon 
(Fig. 135) ; the frontal region is bulging forwards over the olfactory bulb, 
while the roof of the vesicle, which is cut away in Fig. 134 to expose 
the corpus striatum in the floor, is rising up so that between the right and 
left vesicles there now exists a fissure — ^the commencement of the 
longitudinal fissure, which will become deeper and longer as the vesicles 
expand. We have already seen that the striate area of each vesicle is 
continuous with the thalamic area of the fore-brain, and thus as the 
corpus striatum becomes diflerentiated it is continuous with the optic 
thalamus (Fig. 134), and hence this striate thalamic jimction may be 
looked on as the stalk or hilum from which the cerebral expansion takes 
place. The corpus striatum occupies the floor of the vesicle, so that m 
the fully formed brain we find the caudate nucleus stretching along the 
lateral ventricle from the foramen of Monro to the end of the descending 
horn which represents the posterior or caudal pole of the embryonic 

brain. 
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It is also instructive to note the expansion of the cerebral vesicle as 
seen on its lateral aspect (Fig. 1351. At the Gth week the bean-shaped 
Vesicle still leaves the greater part of the thalamencophaion exposed ; 
it then shows only a frontal and temporal pole, but by the end of the 
3rd month the expansion has reached the mesencephalon, and now there 
has appeared a third or occipital polo (Fig. 135, B ) ; by the end of the 
5th month the occipital region overlaps and covers the hind-brain. On 
embryolo^cal grounds alone one could infer that the dominance of the 
Cerebrum is one of the more recent products of evolution. In the lateral 
aspect We again see how the corpus striatum forms the basis or fixed area 
from which the cerebral expansion is produced. Tlie three primary 
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constituents of the cerebral vesicle are indicated in Fig. 135, A : the small 
olfactory area, the large mantle formation and the position of the striate 
element at the junction of these two. The position of the corpus striatum 
determines the non-expansion of the overlying cortex — ^which later 
becomes difterentiated to form the Island of Reil. The position and 
relationships of the islandic region towards the end of the 3rd month are 
shfiwn in Fig. 135r B. 

The Velum Interpositum. — It is during the growth backwards of the 
Cerebral hemispheres over the thalamencephalon that the basis of that 
Complex structure the velum interpositum is formed. The basis of 
this structure is really that area of the pia mater, the mesodermal [1] 
and vascular capsule of the brain, which is enclosed between the 
thalamencephalon and expanding cerebral vesicles (Fig. 136). The 
essential parts of the velum are its lateral edges, which project within 
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the lateral ventricles and its lower surface lying over the 3rd ventricle — 
parts which are covered by reflections of those areas of the neural tube 
which have been converted into a glandular or secretory epithelium. 
These parts form the choroidal villi — or plexuses — covered by the 
ependymal epithelium, which secrete cerebro-spinal fluid. 

We have seen that in the anterior part of the roof plate of the 4th 
ventricle the cerebellum is developed, while its posterior half becomes the 
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Fig. 136. A dorsal view of the Fore- and Mid-Brain in the 6th week of developnient 
to show the formation of the Velum Interpositum. The cerebral vesicles are laid 
open and the inflection of the roof of the fore-brain shown on the ingrowing velum. 
The roof plate of the 3rd ventricle is also exposed. (Modified from His.) 


inferior medullary velum — a secretory membrane (Eig. 108, p. 140). 
The roof plate of the 3rd ventricle, from the foramina of Monro back- 
wards to the stalk of the pineal body, becomes modified in a sirmlar 
manner (Fig. 136). It forms merely the ependymal covering of the 
lower surface of the velum interpositum, thus clothiug the choroid 
plexus on the roof of the 3rd ventricle (Fig. 137). The anterior part of 
the roof plate protrudes within the cerebral vesicles at the foramina of 
Monro, and covers the apex of the velum interpositum (Fig. 136). The 
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mesial wall of each cerebral vesicle from the foramen of Monro to the 
posterior ejctremity of the vesicle (Figs. 136, 137), which becomes the 
tip of the descending horn, is al^ inflected and forms a secretory 
ependyma, covering the velum interpositum and choroid plexus within 
the lateral ventricles. Into this inflection— the choroidal fissure of the 
embryonic neural wall — spreads the rnesoderiu, carrying vessels \vith it. 
The velum interpositum is thus composed of a basis of mesoderm [1], 
while its intraventricular parts have an ependymal covering derived from 
the neural wall. ^Yhen the velum interpositum is withdrawn from the 
foetal brain (Fig. 135, B) a linear opening is seen extending from the 
foramen of Monro to the temporal end of the cerebral vesicle. 

The choroid plexus, which merely fringes the velum in the adult, 
completely fills the cavities of the embryonic lateral ventricles. These 
for the first three months are relatively very large and their containing 
walls thin. The velum and choroid plexus must play an important 
part in the development of the cerebral vesicle in the early period of 
growth. The spread of the vesicles backwards and downwards over the 
optic thalami obscures the original simple relationship of the velum to 
the brain ; but, when withdrawn from the transverse fissure, the velum 
is seen to rest on the optic thalami and project ^vithin the ventricle 
from the foramen of Monro to the tip of the descending horn. This 
stretch marks the line at which the choroidal inflection took place. The 
taenia semicircularis (stria terminalis), in the groove between the optic 
thalamus and caudate nucleus (Fig. 127), marks the line at which the 
mesial wall of the cerebral vesicle was primarily attached. 

* 'fhe fibrous substance of the velum interpositum is continuous with 
the pial coveting of the brain, and also with the edge of the tentorium 
cerebelU, for as the cerebral vesicles expand not only do they evaginate 
their proper mesodermal covering, the pia*arachnoid, but also the inner 
or dural stratum of the primitive cranial capsule. The corpus callosum 
and cerebral vesicles, as they develop, grow backwards and enclose, 
between the optic thalanu below and the pillars of the fornix above, 
the fibrous basis of the velum interpositum. The veins of Galen are 
developed in the velum and join the straight sinus in the tentorium. 

Corpus Striatum.^ — IVhen a coronal section is made of the adult brain 
(Fig. 137) to expose the connections of the velum interpositum, it is clear 
that a mere overgrowth of the cerebral vesicles will not account for all 
the relationships shown. We shall ace that the development of the 
commissures — ^particularly of the fonux and corpusfcallosum — introduces 
elements not seen In the sunple brain of the embryo ; but, besides the 
commissurol, another change has come about in the relationship of the 
corpus striatum to the optic thalamus. So intimate and extensive has 
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the union between them become that the corpus striatum now forms a 
cap upon the lateral aspect of the optic thalamus (Eig. 137). Although 
developed in the wall of the cerebral vesicle, the lenticular nucleus of the 
corpus striatum and the islandic cortex are now constituents of the 
lateral wall of the 3rd ventricle — ^the cavity of the original thalamen- 
cephalon. The intimate union of the corpus striatum with the optic 
thalamus we must regard as the result of two developmental processes : 
the formation of the nerve tracts of the internal capsule — ^which begin 
to appear in the 3rd month — and the neurobiotactic attraction which 
exists between the neuroblastic centres of the two great basal ganglia. 

Two figures (Figs. 138, A, B) hy the late Sir G. Elliot-Smith throw 
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Fig. 137, Diagrammatic section across the 3rd and lateral Ventricles of the Adult to 
show the structures formed in their walls. 


light on the nature and origin of that complex product of the cerebral 
vesicle, the corpus striatum [2]. When the cerebral hemisphere of a 
turtle’s brain is laid open, as in Fig. 138, A, we see the same three 
elementary parts as in the cerebral vesicle of the human embryo : 

(i) the hollow olfactory bulb, containing an extension of the ventricidar 
cavity ; (m) a mass occupying the floor and lateral wall, representmg 
the corpus striatum ; (in) the vesicular wall, mantle or pallium. 

see that the basal mass is made up of three projections : (i) the hypo- 
pallium or neostriatum, representing the greater part of the caudate 
nucleus and also the outer part of the lenticular nucleus — ^the putamen ; 

(ii) at its hinder or temporal end the amygdaloid nucleus ; (Hi) the 
oldest part of all, lying over the olfactory bulb (Fig. 138, A) and con- 
tinuous with the' hypothalamic region — ^the palaeostriate body. The 
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palaeostriate body is represented by the deepest part of the human 
lenticular nucleus — the nucleus pallidum. From Fig. 138, A, it is clear 
that the corpus striatum has a close connection with the olfactory region 
of the cerebral vesicle and also with the hypothalamus (Fig. 134). The 
coronal section in Fig. 138, JS, shows the relationship of the corpus 
striatum to the remaining parts of the wall of the cerebral vesicle of a 
primitive mammal — ^the type of organ from which the human cerebrum 
has been evolved. An artery — ^the lateral striate [3], one of the per- 
foratmg branches of the anterior cerebral — is seen to enter the wall of the 
brain between the pyriform lobe above and the olfactory tubercle below’ 
and end in the corpus striatum. On the medial wall of the ventricle 
(Fig. 138, B) an elevation marks the hippocampus ; it arises as an 
ingrowth or inflexion of the mantle, the hippocampal Assure marking the 
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associated with those of the thalamus, developed in the wall of tlie 
thalamencephalon. The parts evolved from the old striate of the smell 
brain are represented by the globus pallidus and medial nucleus of the 
amygdaloid ; these are separated from the receptive centres of the 
thalamus by the internal capsule (Fig. 139, A). It will also be seen that 
the internal capsule separates the new striate into putamen and caudate 
nucleus {eaiid. n.). The claustrum is also part of the putamen separated 
by the development of the external capsule (Fig. 139, A). 



A R 

FIO. 335). 

A. Coronal section of the Basal Ganglia of the Human Brain. (After Abbie.) 

cc, corpus callosum ; /, fornix; i.»., lateral ventricle ; ttal., thalamus (finestippUng) ; 
a, anterior nucleus ; M, mesial nucleus ; L, lateral nucleus ; V, ventral nucleus ; 
fnt. cap., internal capsule; cat. cap., external capsule ; op. tr., optic tract; 
descending horn; amvff- o., old amygdaloid nucleus; amyg. new amygdaloid; 
gl. pall., ^obus pallidus ; putam., putamen ; claust., claustrum. 

B. Sagittal section of Basal Ganglia of the right half of an Ape’s Brain, viewed on their 

mesial aspect. (After Abbie.) The parts derived from the paleostriatum are 
coarsely stippled ; those which form part of the neostriatum are shaded 
horizontally. 

caud. n\ part of head of caudate nucleus and of putamen derived from the paleo- 
striatum ; caud. n^, part of caudate nucleus derived from the neostriatum ; 
part of putamen (neostriate) which rises above the level of the globus paludus ; 
fir.t.c., gateway forintemal’capsule; (?(. poK., globus’pallidus ; caud. pS, tail of caudate 
nucleus derived from paleostriatum ; amygd. n., new part of amygdaloid nucleiw ; 
int. c. a., internal carotid artery ; p.c., posterior communicating branch ; 
ant. chor. a., anterior choroidal artery; m.c.a., middle cerebral artery; a.c.a., 
anterior cerebral artery ; st. a., striate branches. 

Another aspect of the striate body is shown in Fig. 139, B. Coarse 
stippling marks out the older parts, which include the globus pallidus, 
the amygdaloid, and tail of the caudate. Part of the head of the caudate 
and part of the putamen are also paleostriate in origin. The blood supply 
to the paleostriatum is depicted in Fig. 139, B ; it is remarkable for its ^ 
constancy [3]. 

Thus the corpus striatum has two stages in its evolution. The older ! 
elements came into being when the cerebral part of the brain was mainly 
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olfactory in function, as in fishes and amphibia. These older elements, 
the paleostriatum, have to do \ 7 ith tJic co-ordination of fundamental 
movements such as afiect the whole body (swimming), or are concerned 
in basal functions such as feeding, copulation, etc. This older stage of 
evolution we may speak of as the pre-cortical. With the evolution of 
the cerebral cortex (pallium) came the development of the neostriatum, 
which has to do with the co-ordination of movements initiated in the 
cortex, movements usually described as voluntary. This newer stage 
in evolution we may speak of as the cortical stage. 

The Mantle or Pallium. — ^^Ve have followed the fate of the striate body 
of the embryonic cerebral vesicle ; the differentiation of the olfactory 
area will be dealt with when we come to consider the nose and sense of 
smell ; there remains for consideration the third or pallial area of the 
cerebral vesicle. Even up to the end of the 3rd month the pallial wall 
of the vesicle remains thin ; it then measures only about 1 mm. in thick- 
ness. Originally the pallial wall shows the same three strata or ’feones 
as were seen in other parts of the neural tube — namely an inner or 
ependymal zone, in which neuroblasts are produced ; a middle or mantle 
zone, in which they are diSerentiated’; and an outer or marginal zone 
{Fig. UO). In the spinal cord the masses of neuroblasts were differen- 



tiated within the middle zone, where they remained ; but in the cerebellum 
and the same is true of the pallial wall — ^they invade the marginal 
zone. It is ^vithin the neuroglial scaffolding of the marginal zone that 
the grey cortical matter of the cerebral hemispheres is formed. In the 
2nd mouth the migration of the neuroblasts to form a cortical layer has 
already commenced ; the process is particularly active in the 3rd and 
4th mouths. Not only is there a migration from the ependymal to the 
marginal layer, hut the production is particularly abundant where the 
mantle joins the corpus striatum. The middle zone, which contains 
grey matter in the spinal cord, is here the highway for the fibres developed 
from^ the cortical cells ; it forms the white medullary mass of the cerebral 
hemisnheres. 
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Evolution o£ the Neopallium. — ^Nothing could be more humble than the 
origin of man’s master organ : it was evolved in connection with the 
sense of smell. The cerebral hemispheres, as we know them in the 
lowest vertebrates, are for the reception and interpretation of impulses 
from the olfactory end organs. Connections are established between the 
olfactory brain and the motor centres in the cord and in the hind- and 
mid-brain ; olfactory impressions can thus lead to action. Further, it 
became advantageous that there should be a nervous mechanism for 
the blending of impressions from the nose -with impulses derived from 
sight, hearing and touch, and hence there arose connecting tracts by 
which stimuli streaming in from the various senses could be combined 
and their reactions co-ordinated with those streaming in from the nose. 
In the stem of vertebrates which became mammalian the supreme co- 
ordinating mechanism was evolved in that part of the neural system 
connected with smell — ^the telencephalon [5]. 
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Fig. 141. Section across the Left Hemisphere of a primitive vertebrate Bram antenor 
to the Lamina Terminalis, to show the small extent of the neopallium 
relatively great development of the corpus striatum and rhinencephalon. (Alter 
Elliot-Smith.) 


In Fig. 141 is represented a diagrammatic section across the anterior 
part of the cerebral vesicle of one of the lower vertebrate types — such a 
one as we may suppose preceded the modern mammalian form of cerebral 
hemisphere. There is a cavity within it — ^the lateral ventricle. The 
inner or mesial wall is formed of two parts : {i) the hippocampus or 
hippocampal formation — ^true cerebral cortex or mantle ; (m) below the 
hippocampus, the paraterminal body — a nuclear mass connected with 
the hippocampal formation by nerve tracts. The lateral or outer wall of 
the primitive hemisphere is made up of two parts : {i) the corpus striatum, 
a nuclear mass partly covered by the cortex of (ii) — the pyriform lobe (see 
Fig. 138, B). The pyriform lobe receives fibres from the lateral root of 
the olfactory tract. These four parts — ^hippocampus, paraterminal body , 
pyriform lobe, corpus striatum — are connected with smell, and form the 
primitive mantle (archipallium) of the brain. In the roof of the ventricle 
an expansion of the mantle appears between the hippocampal formation 
on the inner side and the pyriform lobe on the outer side (Fig. 141) ; to 
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this expansion Elliofc-Smith, whose account is followed here, gave the 
iam.e of neopallium [6]. It is this new mantle which becomes the 
basis for higher combination of the sensoty impressions coming in from 
ill the organs of sense. It becomes the seat of consciousness and 
memory, and in man assumes enormous proportions ; hence the great 
and rapid expansion of the cerebral vesicles in the human foetus. 

As may he seen from Rig. 146, the primitive mantle — all the cortical 
formation directly connected wth the sense of smell — is arranged around 
the peduncular attachment, which may be described as the cerebral 
hilum. In Fig. 147 is shown how greatly the distribution of the primitive 
mantle is altered when the great commissures become developed. 

Projection Fibres to the Neopallium . — A transverse section of a mam- 
malian brain of a primitive t 3 rpc — made further back and in a more 



Ho 142 Coronal section of Uic ilaht ImJToE Uw Cerebral Vesicle of a, Primitive Type 
of liammal, showing the termination. In the oeo^Ulum. of projection fibres which 
arise In the optic thalamus (EUiot-Simth ) 


advanced stage of development than that represented in Fig. 141 — is 
shown in Fig. 142. The section illustrates the manner in which pro- 
icetion fibres, arising from nuclei in the optic thalamus and connected 
with the sense of sight and of hearing, spread outwards into the neo- 
pallium— each set streaming into the area which lies nearest to it. In 
this way the mantle of the telencephalon becomes a higher sensorium 
for the reception, blending and storing of all sensory impressions. Other 
illustrations of the cortical afferent tracts arc given in Figs. 123 and 
138, B. 

localization of Function in tha Ncopsdlium. — In Fig. 143 the brain of 
a primitive mammal is represented on its lateral aspect. The major 
part is seen to be made up of pyriform lobe, olfactory bulb and tubercle, 
all of them parts of the rhinenccphalon. The rhinal fissure marks the 
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jimction of the neopallium with the older parts of the mantle on the 
outer or lateral aspect of the hemisphere. The areas adjacent to the 
various nuclei of the optic thalamus receive projection fibres from these 
nuclei. Thus it comes about that the lower and most posterior part of 



1 10 , 143. Lateral aspect of the Cerebrum of .a Primitive Mammal to sliow the rliiual 
ussurc, T,vnicU separates the neopallium above from the older parts of the mantle 
Imlow, represented by the pjTiform lobe. The areas of the neopallium in which 
the projection tracts from the optic thalami terminate are also shown, (Elliot* 


the neopallium, which forms the basis of the temporal lobe, receives 
fibres from the auditory centre ; in the upper posterior part the fibres 
from the optic nuclei end ; this area becomes the main part of the 
occipital lobe. Anterior to these two areas terminate the projection 
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Fig. 144. The Anterior, Hippocampal and Callosal Commissures, with the primary 
fissure on the mesial aspect of a typical mammalian cerebrum. (EUlot-Smith.) 


fibres connected with the sensory nuclei of the Vth nerve and with the 
nuclei of common sensation — ^receiving impulses from the leg, truiik, 
arm and head [7]. Hence the surface areas of the body are represented 
in the neopallium. Naturally it is in connection with this area, the 
area of common sensation, that the cortical fibres which control the 
lower somatic motor nuclei arise. Anterior to the motor areas — occupy" 
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commissures. In the most primitive vertebrates, in all of which the 
cerebral hemispheres are chiefly olfactory in nature, the anterior com- 
missure is already present. The next to appear is a dorsal or hippo- 
campal commissure, which imites the hippocampal areas on the mesial 
surfaces of the cerebrum (Figs. 144, 146). The last and greatest to be 
formed is the corpus callosum ; it appears in the true mammals — ^not 
in monotremes and marsupials. Its development is commensurate with 
the size of the neopallium ; hence it is largest in man. 

The cerebral hemispheres are thus connected by fibres which cross 
in the lamina terminalis, and form three main commissures, (i) The 
anterior or ventral commissure, which connects the olfactory bulbs, 
olfactory tubercles, the pyriform lobes and amygdaloids — ^in brief, all 
the primary parts of the smell brain ; (m) the dorsal or hippocampal 
commissme, also formed in the lamina terminalis : in man this com- 
missure becomes the fornix ; (iii) the corpus callosum, which unites the 
neopalhum of one side with that of the other. It is formed at the upper 
limit of the lamina terminalis above the dorsal or hippocampal com- 
missure (Figs, 144, 145, 146). The middle or grey commissure in man 
(Fig. 127) is an adhesion between the ependymal coverings of the optic 
thalami ; the optic chiasma (p. 158), the habenular or superior- com- 
missure (p. 168) need only be again mentioned. The posterior 
commissure is formed in the roof plate at the junction of the mid- and 
fore-brain (Figs. 119, 127). 

{i) The Anterior Commissure is developed in the lamina terminahs-— 
the primitive anterior wall of the fore-brain. The commissure crosses in 
the lamina terminalis below and rather anterior to the foramen of Monro. 

(m) Hippocampal Commissure. — ^Four parts are recogmzed in the 
fornix of the human brain (Fig. 147) : {i) the body, adherent to the 
under surface of the corpus callosum ; (w) the posterior pillars, which 
are continuous with {Hi) the fimbriae and fibres of the alveus, covermg 
the ventricular aspect of the hippocampus ; {iv) the anterior pillars, 
which end in the corpora mamiUaria, where hippocampal impulses are 
relayed to the anterior nuclei of the thalamus and to the tectum. The 
fornix contains two systems of fibres : (^) those which cross and connect 
the hippocampal cortex of one side with that of the other, and form the 
true dorsal or hippocampal commissure (psalterium or lyra) ,* (H) fibres 
which connect the various parts of the rhinencephalon of the same side 
with each other, and with the epithalamus, hypothalamus, corpora 
mamiUaria and thalamus. 

To understand the development of this system it is necessary to obtam 
a clear conception of the relationships of the lamina termmalis to the 
various parts which have been distinguished in the rhinencephalon 
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(Figs. 144, 146). On each aide the lamina tcrminalis is continuous with 
the paraterminal body or area — that part of the rhinencephalon ■whlcB 
lies immediately in front of the lamina terminalis. The paraterminal 
body becomes the subcallosal gyrus and septum lucidum in the mature 
brain (Fig. 147). The hippocampal formation, which includes the 
hippocampus and fascia dentata, bounds the choroidal fissure above. 
Fibres developed in the hippocampal formation cross to the opposite 
side in the lamina terminalis above the anterior or ventral comnussurc, 
thus forming the dorsal or /lippocompai commissure (Fig. 145). It 
becomes included in the body of the fornix. The posterior pillar is 
developed in the hippocampal cortex, which forms the lip of the choroidal 
fissure. The anterior pillar lies in the paraterminal body, lamina 
terminalis and hypothalamus. 

(ill) Corpus Callosum.-^Thc, corpus callosum is the commissure of 
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the Mcopallium, and hence in man, in whom the neopalUum forms by far 
the greatest part of the cerebrum, this commissure attains an enormous 
development. The commissural fibres begin to form towards the end of 
the 3rd month, crossing in the lamina terminalis dorsal to the fibres of 
the hippocampal commissure (Figs. 145, 146). As the corpus callosum 
increases rapidly during the 3rd and 4tb months, forming the genu in 
front and the splenium behind, the adjacent field of hippocampal cortex 
becomes widely attenuated and separated. Under the genu is the sub- 
callosal gyrus, made up from the paraterminal body and from the 
hippocampal cortex. The splenium, as it develops, presses the main 
hippocampal formation doum and back, until it reaches its permanent 
position [8]. The backvi,-aTd expansion of the corpus callosum brink’s 
‘about a stretching of the hippoc.ampal commissure, the body and anterior 
pillars of the fornix being thus shapcil. The velum intorpositum is 
ovcn\helmcd and buriwl diuing the growth Jwckw.irds of the corpus 
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callosum and fornix. The paraterminal body is stretched to form the 
septum lucidum and subcallosal g)u:us. Thus by the development of 
the corpus callosum those two parts of the rhinencephalon, the para- 
terminal body and hippocampal formation, originally in close union, 
become uddely separated. The supracallosal and subcallosal gyri with 
the striae longitudinales are vestiges of their former union. The corpus 
callosum may not be developed — a rare occurrence ; it is remarkable 
that this condition cannot be detected during the life of the individual [9]. 
The cavity within the septum lucidum is formed during the development 
of the corpus callosum [10]. , 

Formation of Convolutions. — ^Until the 5th month the surface of the 
cerebral vesicle is comparatively smooth. Till then the three strata of 
the cerebral vesicle, the ependymal layer within, the cortical or nerve- 
cell layer on the surface and the medullary or nerve-fibre layer between, 
have increased at an equal rate. In the Gfii and 7th months certain areas 
of the cortex increase rapidly, the increase afiecting the superficial 
strata to a very much greater extent than the deep, and afiecting the 
cortex much more than the medrdla, \vdth the result that the surface of 
the cerebrum becomes raised into certain definite eminences or gyrij 
separated by depressions or fissures. The chief fissiues are already well 
differentiated in the foetus of the 7th month ; during the last two months 
of intrauterine development the secondary and tertiary sulci appear. 
The process of fissuration and convolution-formation is thus practically 
finished at birth. In the spinal cord the tracts of nerve fibres are formed 
outside the masses of grey matter ; in the cerebral vesicle the tracts 
are formed beneath the grey matter — ^between the grey matter and the 
ependyma (see p. 181). The neuroblasts in the cortex have reached 
nearly their full number by the 7th month ; after then it is their dendrites 
and collateral fibres that continue to develop (His). 

Development of the Cortex. — ^The mantle or wall of the cerebral vesicle 
of the brain becomes differentiated into a thin outer grey layer or cortex, 
containing the nerve cells, and an irmer deep stratum — ^the meduUa,— - 
of great thickness and made up of nerve fibres and tracts associated with 
the nerve cells of the cortex. The cortex is the substratum of con- 
sciousness, memory and mind. It is educable ; it is the seat of skill- 
We naturally expect the great mental development which takes place 
in the earher years of life to be accompanied by a corresponding change 
in the microscopic structure of the cortex. There is such a change, but 
it is difficult to measure for two reasons : (i) every area of cortex has its 
own peculiar structure and thickness ; Elhot-Smith distingmshed 28 
areas in the cortex, each having its own peculiar structure ; (ii) Dr. 
Joseph Bolton observed that in some cases a newly born child niay show 
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a more mature development than a child of 3 months, there being as 
much variation in structure of cortex as in degree of ability. The latter 
observer noted that the cortex began to laminate or divide into strata 
of nerve cells in the 5th month ; it is then that the mother becomes 
conscious of foetal movements. Soon after the 5th month gyri and 
fissures begin to form on the lateral surface of the brain, for as we shall 
see later, fissures appear on the mesial surface at a still earlier date. 
Dr. Bolton also made the important observation that the outer or 
pyramidal (supra-granular) stratum was the latest in growth, and that 
the great development of this layer is the characteristic of the human 
cortex [11]. 

Supragranular Cortex [12]. — By the end of the Gth month the foetal 
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A A diagrammatic rapmcnUtloa of tbecUcrccUuIaTclemsnts la the Cortical Strata of 
the Adult Uralu, 'Ihe strata are numbered t-Vl froni tlie surface inwards 
(After Uuntz ) 

a, atfeient fibre terminating around cells ofatratma /V (inner granular cells), and 
also around cells of the supragranulsr strata (f,/f, tIl^\ b. e, efferent fibres from 
pyramidal ceils of V, and from a polymorptde cell In K/ ; rf, association fibre flom 
an outer granular cell of stratum i J ; e. a sonal cell in the superficial or plexJform 
stistum, /. 

i? Three columns representing the UdebteesoTtbe Cerebral Cortex of Mao. Cldmoaniee 
and Lemur. The granular atntnm Is shaded The relatlre develonment of the 
supragranular and Infragranular strata may Uius he estimated. (Uter van't 
Uoog ) 


rtex has become delaminated into six strata, numbered I-VI by 
rodman, No. I being the plexiform, superficial stratum and VI the 
jepest or polymorphic. In Fig. 148 is given a diagrammatic repre- 
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Bentation of the chief cellular constituents of the strata of the adult 
cortex. From an evolutionary point of view, the three deeper strata 
{lY, Y, YT) are the older ; they are represented in the cortex of the 
reptilian brain. The granular cells of ZF are receptive ; round them 
terminate incoming fibres carrying impulses from stations in the 
thalamus, and olfactory nuclei (Fig. 148, A, a). The granular cells 
deliver their charges to the efiector cells, the inner pyramidal and 
polymorphic cells in strata V, YI ; efferent fibres from these cells 
proceed to efiector centres in the base of the brain, in the brain stem and 
in the spinal cord (Fig. 148, A, h, c). Superficial to the granular stratum 
come the three supragranular (Z, II, III), in which lie the receptive and 
analytical powers of the cortex. The supragranular cortex reaches its 
highest development in the human brain (Fig. 148, B). It is also the 
last to reach full development in the human brain, complete differentia- 
tion not being reached until the 5th year. In the precentral or motor 
cortex, stratum ZF is almost lachdng, whereas in sensory areas, such as 
the postcentral, occipital and temporal regions, stratum TV is thickly 
studded with granular cells. The supragranular strata of the human 
brain are richer in pyramidal cells than are those of the chimpaimee [13], 
although in actual depth of cortex the difference between the two is not 
great (Fig. 148, B). 

The Principal Fissures. — ^The principal fissures of the brain are: 
(i) those connected with the rhinencephalon — ^namely the hippocampal 
fissure, which appears on the mesial aspect of the cerebral hemisphere 
before the end of the 2nd month [14] ; it limits or bounds the hippo- 
campal gyrus (see Fig. 146, hippocampal line) ; also the rhinal fissure, 
which appears later (Figs. 143, 147) ; (m) those connected with the 
isolation of the Island of Reil — the fissure of Sylvius, the superior, 
inferior and anterior limiting fissures ; (m) those in the occipital cortex 
connected with the sense of sight — the calcarine, retro-calcarine, lunate 
sulcus (Affenspalte), parieto-occipital and collateral ; {iv) the calloso- 
marginal of uncertain import ; (u) the central fissure or fissure o 
Rolando, which is formed between motor and sensory areas of the cortex , 
(t;D the orbital ; {vii) the siilcus rectus ; {viii) the intra-parietal , 
[ix) the 1st temporal or parallel, which partially demarcates the auditory 
cortex [15]. In the 7th month the fissures on the human brain have a 
remarkable correspondence to those on the cerebrum of an ape (Figs. 
149, 151). We have already seen that the so-called choroidal fissure 
is formed by an inflection of the cerebral wall to form the choroidal 
villi of the lateral ventricles (Fig. 136). 

Significance of Convolutions. — There is some circumstance which 
limits the thickness of the cortex. If the cortical cells increase in number, 
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accommodation is obtained not by adding to tEe thickness of the cortex 
but by enlarging the superficial area of the cerebrum. The cortex is 
correlated in its extent with the bulk of the body and ■with the area of 
tbe integumentary covering. Hence large animals such as whales and 
elephants have much convoluted brains. The rich convolutions of 
man’s brain may be in some degree related to the nude and sensitive 
skin of his body (Elliot-Smith). The moat aatisfactory explanation of 
the number and arrangement of the convolutions of the human brain is 
to be found in a study of the evolution of its various functional areas. 
The cortex was originally composed of primary sensory areas — connected 
with sight, touch, hearing, smell, etc. When secondary and higher 
Zones were produced in connection with the primary areas, the surface 
of the brain was necessarily throv.!! into folds and fissures to provide 
the increase of surface required. Hence we find that the principal 



llu. 110 Lateral aspect of tlic C«(obial Henuapherc at the end of the 2nd month. 

fissures ate related to certain cortical areas. Elbot-Smith distinguished 
three kinds of fissures ; (i) those like the calcarine and central fissures 
which separate one cortical area from another (being limiting fissures or 
sulci) ; (ti) those like the lunate (Fig. 156), where the line of cortical 
demarcation lies not at the bottom of the fissure, ns in the last, but at 
the brink of the fissure. These are named ojiercvlaXe, because the con- 
volution or operculum which causes the fissure or depression arises at 
the junction of two areas ; {ttt) a developing area may fold inwards, 
thus giving rise to a depression in the centre of an area, like the retro- 
calcarine m the midst of the visuo-sensory area (Fig. 157). The hippo- 
campal linear depression and Sylvian fossa, as wo have already seen 
(pp. 175, 179), arc peculiar in their formation. Three fissures— the 
calcarine, collateral and hippocampal— actually cause an infolding of 
the whole thickness of the mantle, and give rise to elevations in the 
posterior and descending horns of the lateral ventricle. 

Fonnation ot the Island ol Rett and Fissure ol Sylvius.— When the 
lateral wall of the cerebral vesicle is examined at the 5th month (Fig. 
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150) an area of cortex is seen to be becoming submerged by tbe upgrowth 
of tbe surrounding cortex. The submerged area is the Island of Reil ; 
it covers that part of the wall of the cerebral vesicle which is thickened 
by the corpus striatum (Figs. 135, B, 137), the islandic area becoming 
larger as the basal ganglia grow in mass and in importance. The climax 
of this development is reached in the human brain. The submerged 
area becomes triangular in shape, the apex being directed backwards ; 
it is bounded by three limiting sulci — an anterior, superior and inferior. 
The rising lips of cortex, which bound the limiting sulci, form the 
temporal, fronto-parietal and orbital opercula, and ultimately meet 
over the submerged area (Fig. 162). The fissure of Sylvius separates 
the opercula. It ■will be readily grasped that the development of the 


fronto-par.op. 



riG. 150. The same aspect during the 5th month. 


corpus striatum prevents the expansion of the insular part of the vesicle, 
whereas the thiu- walled mantle out of which the other lobes of the bram 
are developed expands readily and overwhelms the thickened area. 
The corpus striatum begins to form during the 2nd month, hence as 
early as that date the insular depression is visible on the lateral wall or 
the hemisphere (Fig. 149). This mechanical explanation of the origin 
of the fissure of Sylvius is probably only partially ■true ; the relatively 
great growth of the cortex which forms the opercula is due in the mam 
to the importance of the functions lodged in the opercula. By comparing 
Figs. 149 and 151, it -will be realized that the formation of the Sylvian 
fossa is connected wdth the expansion and rotation of the temporal lobe 
in a forward and do'wnward direction. The gro'wth of the temporal 
lobe and the difierentiation of the occipital pole (see Fig. 150) give the 
impression that there has been an actual rota-tion do-wnwards of the 
cerebral vesicle on the Island of Reil. The lower end of the stem of 
the Sylvian fissure also indents the rhinencephalon, separating the 
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uncinate gyrus from the anterior parts of the rhinencephalon (Figs. 
147, 150). 

The student is already familiar with the fact that the Island of Reil 
forms a cortical cap to the corpus striatum. The structures between the 
islandic cortex and the foramen of Itlonro represent a section of the 
thickened wall of the cerebral vesicle (Fig. 137). Convolutions appear 
on it in the 6th month, when the rest of the cortex also begins to become 
convoluted. Further, the larger the area of cerebral cortex in any 
primate, the larger is the Island of Reil ; the more convoluted the cortex, 
the more convoluted the Island. Flcchsig has shown that the cortex 
of the Island is joined to all the cortical areas of the mantle by bands of 
association fibres. Hence the Island must be regarded as playing a 



highly important part in co-ordinating the functions of the brain [16]. 

The Opercnla. — ^Three opcrcula grow up and cover the Island of Reil 
(sec Figs. 151 and 152) : (t) the temporal, (tt) the fronto-parietal, 
(iti) the orbital. The late Prof. D. J. Cunningham [17] found that 
during the later months (7th-9th) of foetal life an opercular part, known 
as the pars Iriongularis (Fig. 152, B) appeared in qxiitc 50% of brains 
and was more frequently present on the left side than on the right, 
probably owing to the dominant centres for speech being situated on the 
left side. The pars triangularis is the anterior part of the upper or 
dorwl operculum (labelled fronto-parietal in Figs. 150, 151, 152), the 
anterior horizontal limb of the fissure of Sylvius being the continuation 
of the upper limiting sulcus of the Island of Reil. The pars triangularis 
is cut off from the dorsal operculum by the formation of the ascending 
limb of the fissure of Sylrius (Fig. 152, B). The temporal operculum 
rises first (5th month), the others a month later. The opcrcula which 
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153) tlie fronto-orbital fissure has been labelled ant. Urn. sulcus, as if it 
were identically the same as the anterior limiting sulcus of the human 
brain. The same system of identification has been applied to the 
chimpanzee brain in Fig. 154, A. The identification of the fronto- 
orbital fissure with the anterior limiting sulcus of the Island of Reil 
seems to be confirmed by the condition shown in Fig. 154, B, where the 
Island is limited in front by the fronto-orbital fissure. This is true of 
the anthropoid brain, but hot of the human, for in human brains the 
anterior lumting sulcus and the fronto-orbital fissure maintain a separate 
existence. The true orbital operculum, then, lies behind the fronto- 
orbital fissure, not in front of it, as in Fig. 154, B. 

Calloso-Marginal Fissure. — This fissure on the mesial aspect of the 
brain arises from the fusion of the genual and intercalary fissures of the 
typical mammalian brain (Fig. 144). Its origin is probably the result of 
a pressure due to the growth of the cortex surrounding the corpus callo- 
sum, for if that structure be absent, the usual form of this fissure is 
completely altered. It separates one set of cortical areas from another 
(Elliot-Smith). 

Calcarine and Correlated Fissures [19]. — In the typical manunalian 
brain the calcarine fissure forms part of the same arcuate system as the 
genual and intercalary (Fig. 144). The part of the cerebral wall in 
which it is formed encloses the posterior horn of the lateral ventricle 
(Fig. 270, B, p. 318). The cortex on the lower or posterior lip of the 
fissure shows the stria of Gennari, which characterizes the cortex in which 
the optic radiations end. The calcarine fissure is thus a limiting fissure 
formed between striate and non-striate cortex. The retro-calcanne 
fissure or depression, which continues the ca| 9 arine sulcus backwards 
to the occipital pole, is formed by the growth and involution of the 
striate cortex (Fig. 157). In the ape’s brain the striate cortex on the 
lateral aspect of the occipital pole increases rapidly and rises up as a hp 
or operculum over the cortex of the parietal lobe. The depression m 
front of the operculum is known as the simian fissure (Affenspalte) or 
sulcus lunatus (Fig. 153). In the human brain the great increase of the 
parietal cortex, a seat of association centres, has pushed the sulcus 
lunatus almost to the occipital pole (Fig. 156), or it may, especially m 
the more civilized races, be completely obliterated [20]. Fiuther, the 
Y-shaped occipital sulcus (external calcarine) on the lateral aspect of 
the occipital pole (Figs. 153, 156) may join the retro-calcarine sulcus. 
Sir G. EUiot-Smith distinguished not only the striate area, in which the 
optic radiations end, but two surrounding areas, an outer zone — ^the 
peristriate — and an intermediate — ^between the outer zone and the 
striate area. Certain sulci have arisen in connection with the evolution 
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The Inferior Frontal Fissure appears before the fissure of Eolando and 
occurs in primate brains in which that of Eolando is not developed. It 
seems older than the fissure of Eolando. In the brains of all Old World 
monkeys the inferior frontal fissure is made up of two parts, a bent or 
arcuate fissure, with the straight fissure immediately in front of it 
(Fig. 153). It is not easy to identify these two fissures in either the 
anthropoid or hmnan brain. The most likely interpretation is to regard 
the inferior frontal of man as derived from the lower half of the arcuate 
fissure, while the middle frontal of human anatomy corresponds to the 
upper half of the arcuate of the monkey’s brain. In the evolution of 
the human brain there have been great additions to the cortex in the 



FIG. 156. FIO- 157. 

Fig. 156. The lateral aspect of the Occipital Lobe of a Human Brain, showing the 
sulcus iunatus (Affenspalte). (Blllot-Smith.) 

FIG. 157. The mesial aspect of the Occipital Lobe of a Human prain, _sho^ving the com- 
plex nature of the parieto-occipital Assure. (BUiot-Smith.) 

region of the arcuate fissure, with the result that, in the human bram, 
the representative of the straight fissure is found pushed towards the 
frontal pole [21]. 

, Intra-parietal Fissure. — The intra-parietal fissure appears between 
three , areas of growth ; [i) the cortex of the inferior parietal lobule 
below, chiefly consisting of association areas related to the visual and 
auditory and perhaps also to the areas of common sensation ; (w) I'he 
occipital cortex posteriorly ; (m) the cortex behind the fissure of 
Eolando. It corresponds to the lateral fissure of the cat’s brain (Fig- 
155), while the whole of the intra-parietal fissure of the ape’s brain 
(Fig. 153) may be regarded as equivalent to the ascending rami in the 
human brain (Jefierson). The ascending, horizontal and occipital 
limbs of this fissure arise independently in connection with separate 
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areas. They may or may not become conjoined. All the parts of the 
fissure are Ihniting in nature [22]. 

Parallel or First Temporal Fissure [23].— The first temporal fissure 
separates the first temporal gyrus, in which the auditory centres are 
situated, from the neighbouring cortex (Figs. 153, 155). As the first 
temporal gyrus rises to form the inferior operculum of the Island of Reil, 
part of it, in the form of a number of gyri which connect it with the Island, 
is buried in the fissure of Sylrius. In these deep gyri Campbell located 
the terminations of the auditory tracts, the superficial part of the first 
temporal convolution forming association areas for the auditory centre 
(Fig. 292). The first temporal fissure corresponds to the post-Sylvian 
fissure of the typical mammalian brain (Fig. 155). 

Secondary Sulci and Gyri. — During the 8th and 9th months the 


one v’enCLM 



Fio. 158. DlasniRimatlc rcpreicntatloD of the Artenes or the Brain at the end of the 
let month of development. (Alter Prof. H. M Evans) 

remaining sulci and convolutions of the brain are formed. For the 
greater part these are peculiar to the human bram. 

Vessels of the Brain. — ^The embryonic arteries from which the cerebral 
and vertebral arteries become evolved are shown in Fig. 158. The 
dorsal aorta, in which the aortic arches end, is continued forward to the 
fore-brain, where at the root of the optic vesicle and near the site of the 
future vallecula of Sylvius it divides into anterior and posterior branches ; 
the anterior branches will become the stem of the middle and anterior 
cerebral arteries as the cerebral vesicles begin to expand, while the 
posterior branch becomes continuous with the subneural anastomotic 
Vessel, from wHch the posterior communicating and basilar arteries 
^■ill become differentiated and from which the posterior cerebral will 
anse. The subneural anastomotic chain is fed by segmental vertebral 
branches of the dorsal aorta (Fig. 158). From this segmental network 
are formed the vertebral arteries. The right and left anastomotic vessels 
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as the cerebral vesicles grow back their veins are transferred first from 
the primitive vein to the cerebellar and then to the venous system of the 
hind-brain. From the anastomotic channel thus opened up are fashioned 
the transverse and sigmoid sinus. In the foetal brain the Island of 
Reil is enclosed by a venous circle. From this anastomotic chain veins 
ascend to the longitudinal sinus, while others descend to the cavernous 
sinus [27]. 

During later foetal development lacunae arc formed in the frontal, 
parietal and occipital segments of the longitudinal sinus. In the 2nd 
year villi or granulations are developed within these lacunae, forming 
Pacchionian bodies, thus providing for drainage of the corebro-spinal 
fluid. 



Flo. 1S9. 7he FntmUve Vein of the Bead and its tributaries In the 6lh rreeic of develop- 
ment, with indications of the new anastomotic channels opened up durmg the 3td 
and 4th months (After Streeter.) 

Membranes of the Brain. — Even before the cephalic part of the neural 
tube is enclosed, mesodermal (mesenchymal) cells spread in between it 
and the surrounding mesoderm, thus supplying a primitive covering for 
the tube. Out of the covering become differentiated : (i) the pia- 
arachnoid and its vessels ; (t») the membranous cranial capsule, from 
which in turn are separated (a) the dura mater, (6) enclosing bones and 
pericranium, and (c) the connective tissues of the scalp. It is probable 
that the tissues of the pia-atachnoid are derived in part, if not wholly, 
from the neural crest of the medullar}' plates of the cephalic region [28]. 
The differentiation of the membranes of the brain and spinal cord is 
closely related to the establishment of a ixrebro-spinal fluid system. We 
have seen (p. 139) that the choroid plexuses of the ventricles of the brain 
become developed in the 7th week, when the human embryo is about 
15 mm. long. Dr. L. H. Weed found that at this stage of development 
the pig, the ccrchro-spinal fluid formed in the 4th ventricle began to 
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fuse under the Hud-brain during the 6th week to form the basilar 
artery [24]. 

The brain is at first covered by a capillary plexus out of which the 
main arterial and venous channels are fashioned. The anterior cerebral 
artery has been evolved from the plexus covering the medial aspect 
of the olfactory brain and the middle cerebral from the lateral olfactory 
vessel (Abbie). The posterior cerebral originally sprang from the pos- 
terior division of the internal carotid ; in Hgher primates its origin has 
been transferred to the basilar artery [25]. 

Arterial Distribution. — ^Prof. Joseph Shellshear has, in a series of 
researches on the distribution of arteries in the brain, brought forward 
evidence to prove that nuclei or areas of cortex which serve a separate 
."^function have their own arterial supply. Arteries tend to be hmited 
in their distribution to definite functional areas. For instance, the 
arterial supply to the paleostriatum remains the same from the lowest 
to the Hghest vertebrate brain (Abbie)! Further, in the evolution of 
the mammalian brain, arteries have remained wonderfully constant in 
their distribution, so that a fissure may be identified by noting the artery 
which enters it [26], 

The embryological basis out of wMch the venous sinuses and cerebral 
veins are developed is shown in Fig. 159. At the middle of the 2nd 
month the veins of the fore- and mid-brain unite beHnd the stalk of the 
optic vesicle to form the ‘primitive vein of the head, wHch, passing back 
wards internal to the Gasserian ganglion, leaves the interior of the / 
cranial cavity in front of the ear to become the primitive jugular ori 
anterior cardinal vein. Before leaving the interior of the skull it receives ^ 
a cerebellar venous trunk (mid-plexus. Fig. 159) and after its exit a 
medullary trunk (post-plexus. Fig. 159) — wHch escapes by the jugular 
foramen. With 'the expansion backwards of the cerebral vesicles during 
the 3rd, 4th and 5th months the system of the longitudinal and transverse 
sinuses becomes evolved by the union of the venous networks included 
in the longitudinal fissure between the cerebral vesicles and between the 
cerebral vesicles and cerebellum. The main changes are indicated m 
Fig. 159 ; only part of the primitive vein persists — ^the part lying internal 
to the Gasserian ganglion that becomes the cavernous sinus ; the extra- 
cranial part of the primitive jugular disappears towards the end of the 
2nd month, but it occasionally persists as an emissary vein emerging at 
the root of the zygomatic process. Two important anastomotic channels 
open up (Fig. 159) ; (i) the pre-cerebellar, wHch drains the tributaries 
of the fore- and mid-brain into the primitive cerebellar trunk ; (ii) the 
post-cerebellar, wHch units the cerebellar trunk with the veins of the 
hind-brain ; the Hnd-brain trunk escapes by the jugular foramen. Thus, 
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most medial centres of tho thalamus, which receiro sensory tracts from the face, 
lips, and tongue, end in the lowest or most lateral areas of the post-central cortex. 
The representation of the body in the neocortex is thus invert^. 

[8] Br. Abbie {Jour. Comp. Neur., 1939, 70, 9) has reinvestigated the develop- 
ment and evolution of tho corpus callosum and finds that it is not developed in 
the hippocampal formation, as EUiot-Smith had observed, but immediately above 
that formation. Prof. F. Goldby haa le-examined the evidence and confirms the 
accuracy of Elliot-Smith’s account {Jour. Anat., 1940, 74, 227). 

[9] Many accounts of non-development of tho corpus callosum in the human 
brain have been published. For a report of a case of partial absence, see Drennan, 

G. R., South African Med. Jour., 1935, 9, 625 ; Dr. L. S. King {Jour. Comp. Neur., 
1936, 64, 337) reports on a breed of mice in which defects of the corpus callosum 
are hereditary. 

[10] Thompson, J. M., Jour, Anat., 1932, 67, 69 : Beyers and Dart, ibid., 1925, 
59, 358. 

[11] For bterature on the development and evolution of the neopallial cortex, 
see Bolton, Joseph, Brain, 1910, 32,26; Henderson Trust Lectures, No. 12, 1933 

f, • • « - .*‘.*“7. " mo, C., 

. ■ ‘ • *' trans. 

, • • . ! ’• . [errick, 

• . , • ■■ 1928; 

Cerebral Atlas, 1938 ; Wood-Jones, P., The Matrix of the Mtnd. 1928 ; Woollard, 

H. H., Jour. Anat., 1931, 65, 224 ; von Bonin, G., “ Evolution and Significance 

of the Cerebral Cortex,” jllinots Monographs, 1045, 5, No. 3 ; Glees, P., Jour. 
Anat., 1044, 78, 47 (cortico-striato connections ) ; Stem, K., tbtd., 1042, 76, 302 
(thalamo-froQtal connections) ; Verhaart and Kenna^, 1940, 74, 239 
(inhibition area) ; Goldby, F., ibid., 1939, 73, 509 (in Echidna) ; 1940, 

74, 12 (in phalanger) ; Sunderland, 8., ibid.; 1940, 74, 201 ; The Post-natal De- 
velopment of the Human Cerebral Cortex, 1939, by J. Le Roy Conel. 

[12] For evolution of cerebral cortex, sco references given in preceding notes [6], 
[11], and also Hesdorfer and Scammon, Anat. Rec., 1935, 64, 443 (grou-th of cortex 
and basal ganglia) ; Abbie, A. A., Med. Jour. Australia, 1939, p. 421 (cortex as 
seat of emotions) ; Australian Jour. Exper. Bid., 1938, 16, 143 (cortex of mono- 
tremes) ; Agduhr, E., Anat. Rec., 1941, 80, 191 (criticism of von Economo’s 
estimate of number of cortical neurons). 

[13] Krebt, A., Zeitsch. Auui. Entwnefc., 1936, 105, 676. 

[14] See references under note [4]. 

[16] Shellshear, J., Jour. Anat., 1927, 61, 216. 

[16] For racial variations in Island of Reil and opercula, see Levin, G., Amer. 
Jour. Phys. Anthrop., 1937, 22, 345; Grzybowski, J., Ardiiv. d'Anat., 1938, 25, 


[17] Jour. Anat., 1890, 24, 127 ; see also reference to G. Levm in preceding note. 

[18] For discussion of the nature of the anterior limiting sulcus of the Island of 
Red, SCO Keith, Sir A., Researches in Prehistoric Qalitee, 1927, 

‘ . •• • . . T - u,^., Archiv. d'Anat., 

-f’ ■ • ! Ngowj'ang.G., Jour. 

J . ' _ ■ , Sunderland, Jour. 

■ ■ ■ ■ • ' > • ., ..X., 75, 225 (anatomical 

evidence supports the Young-Helraholte theoij') ; Sir G. Elliot-Sraith’a first 
paper on the visual cortex appeared in Jour. Anat., 1907, 41, 19S. 

[20] Shellshear, J., see under preceding note [19]. 



202 HUMAN EMBEYOLOGY AND MOBPHOLOGY 

escape through a locahzed area in the inferior medullary velum and to 
collect in the overljdng mesodermal tissue [29]. At the site of escape 
an opening is formed in the medullary velum, the foramen of Majendk 
arising in this way. The foramen formed in each lateral recess of the 
4th ventricle is produced in a similar manner. The subarachnoid spaces 
thus commence over the 4th ventricle and round the medtdla oblongata, 
and from the region of the hind-brain the system extends proximally 
and distally until, by the middle of the 3rd month of development, the 
entire neural space is enclosed by the arachnoid. The mesodermal 
condensation which bounds the subarachnoid system becomes the 
arachnoid ; the pia mater represents the subarachnoid tissue. At the 
same time as the subarachnoid spaces are being formed another plane 
of cleavage sets in external to the arachnoid, the arachnoid being thus 
separated from the dural layer of the cranial capsule and a potential 
space produced — ^the subdural. These spaces, particularly the sub- 
arachnoid, do not represent parts of the lymphatic system ; lymphatic 
vessels, we shall see, arise like blood vessels ; nor does the cerebro-spinal 
fluid represent a species of lymph. 


Notes a^'d Refeeenoes 

[1] I use the term “ mesodermal,” but “ neurodermal ” would be more apt, for 
it is almost certain that the pia mater is derived from the neural crest. 

[2] For evolution of corpus striatum, see EUiot-Smith, Sir G., Jour. Anat., 
1919, 53, 271 ; Ariens Kappers, see note [3], Chapter IX ; Dart, R. A., Jour. 
Anai., 1935, 69, 3 ; Herrick, C. Judson, An Iniroductioii to Neurology, 1931 ; 
Abbie, A. A., Jour. Anat., 1934, 68, 433 (blood-supply) ; Shaner, B. F., 
Comp. Neur., 1936, 64, 213 (in pig) ; Durward, A., Jour. Anat., 1934, 68, 492 
(in sparrow) ; Goldby, F., ibid., 1934, 68, 159 (in lizard ) ; Landau, E., Araiiv. 
d'Anat., 1936, 23, 167 (origin of claustrum) ; Schepers, G, W. H., Joar. Anat., 
1938, 72, 535 (brain of tortoise). 

[3] For vascular supply of basal ganglia, see Shellshear, J., Jour. Anal., 1921, 
55, 27 ; Abbie, A. A., see under preceding note [2]. 

[4] For the nature of the hippocampal infolding, see Abbie, A. A., Jour. Comp. 
Neur., 1938, 68, 307 ; Hines, M., ibid., 1922, 34, 73. 

[5] For evolution of the neopallium, see Elliot-Smith, Sir G., Lancet, 1910, i, 
147, 221 ; Ariens Knppers, see reference, note [3J, Chapter IX ; Herrick, C. Judson, 
Brains of Eats and Alen, 1926 ; see also reference in preceding note [2] ,* Wood- 
Jones, F., The Matrix of the Mind, 1928 ; Tilney, F., The Brain from Ape to Man, 
1928. 

[6] Prof. Raymond Dart has sought for the origin of the mammalian neocortex 
in certain cortical formations he has distinguished in the brains of reptiles {Jour. 
Anat., 1935, 69, 31). 

[7] The projection of tracts from thalamus to cortex takes place in a defimte 
order. Those from the most lateral aspect of the thalamus, its ventral nucleus, 
which receives sensory fibres from the lower limbs and lower part of the trunk, 
are projected to the upper or most medial areas of the cerebral cortex. The 
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THE CRANIUM 

Natural Divisions of the Skull— The human slcull is the product of 
many long epochs, during -which it has undergone great changes, but we 
have every reason for supposing that its general functions have remained 
much the same since the vertebrate form of animal was evolved. In the 
first place it has to form a brain-case — a neuro-cranium. Man’s brain 
has reached a degree of development which rendered great changes 
necessary in this part of the skull. In the second place, the skull has to 
shelter and protect the special organs of sense — the ear (temporal bone), 
the eyes (orbits), the olfactory area (nasal region), and taste (bucco- 
pharyngeal re^on). In the third place, the skull forms an essential 
part of the structuics concerned m mastication : the facial part of the 
skull is in reality a scafiolding for the palate and teeth. In the main the 
facial part of the skull is visceral or splanohnic in function, and hence is 
sometimes spoken of as the splanchno-cranium. The outstanding 
characters of the human skull are the great size of the neuro-cranium 
and the small size of the splanchno-cranium. 

Certain Phases in the Evolution of the Skull. — The skull has also been 
closely related to the f\mction of respiration. In fishes the visceral 
Bkeleton of the skull forms the arches which carry the gills. We have 
Been that the representatives of these arches make a temporary appear- 
ance in the head of the human embryo. IVhen a pulmonary replaced a 
branchial system a nasal airway was separated from the mouth by the 
formation of a primitive palate, such a palate as is seen in amphibians, 
reptiles and birds. With the evolution of chewing teeth in the mam- 
malian stock the complete palate was formed, thus allowing the 
mammalian young to suck and the adult to chew and breathe freely 
at the same time. We see all of thesa stages manifested in the 
development of the human skull [1]. 

Cartilaginous Skull. — In trying to interpret the meanmg of many of 
the developmental processes which we see taking place in the human 
embryo, it is often profitable to seek light from comparative anatomy, 
and no group of the lower vertebrates can help us in this respect so well 
as the selachians — the group of cartilaginous fishes to which sharks, 
rays and dog-fish belong. This is particularly true of the cJiondrocramutn 
— the cartilaginous skull seen in the human foetus during the 2nd month 
205 
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[21] For discussion on the homologies of frontal fissures, see Genna, G. E., 
Revista di Antrop., 1924, 26, 1 ; Connolly, C. J., Amer. Jour. Phys. Anthrop., 
1936, 21, 306 ; von Bonin, G., Jour. Comp. Neur., 1938, 69, 181 ; SheUshear, J., 
Jour'. Anat., 1939, 73, 327. 

[22] Jefferson, G., Jour. Anat., 1913, 47, 365. 

[23] SheUshear, J., see under preceding note [16]. 

[24] Streeter, G. L., Contrih. End}., 1918, 8, 5. 

[26] Abbie, A. A., Jour. Anat., 1934, 68, 433 (history of cerebral arteries); 
Hughes, A. F. W., Phil. Trans., 1934, 224 (B), 75 (development in brain of chick) ; 
Watts, J. W., Jour. Anat., 1934, 68, 534 (fusion of anterior cerebral arteries in 
primates) ; Hochstetter, F., Zeitsch. Anat. Entwich., 1937, 107, 632 (termination 
of anterior basilar artery) ; Schepers, G. W. H., Jour. Anat., 1939, 73, 451 (cerebral 
arteries of tortoise). 

[26] See SheUshear, J., Jour. Anat., 1931, 65, 46 ; Proc: Roy. Acad. Sc. Amster- 
dam, 1933, 36, 700 ; Abbie, A. A., Brain, 1933, 56, 233 ; Jcmr. Anat., 1933, 67, 
491 ; Sunderland, S., ibid., 1939, 73, 120 (arterial supply of cerebral cortex and 
meduUa). 

[27] For development of cerebral veins and sinuses, see O’ConneU, J. E. A., 
Brain, 1934, 57, 495 ; Boyd, G. I., Jour. Anat., 1935, 69, 113 (frequency of 
emissary veins) ; Gibbs, E. and F., Anat.Rec., 1934, 59, 419 (variations in lateral 
sinuses) ; Watt, J. C., Anat. Rec., 1937, 67, 62 (suppl.). 

[28] See Burr and Harvey, Archiv. Neur. Psychiat., 1926, 15, 645. 

[29] Weed, L. H., Contrih. End)., 1917, 5, 3 ; ibid., 1920, 9, 426 Gladstone 
and Dunlop, Jour. Anat., 1927, 61, 360 ; see also references given in note [6], 
Chapter IX. 
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these two terminal areas lies a la^e intermediate part whicli is definitely 
demarcated into two regions — orbital and otic (Fig. 163). Lying on the 
otic area and attached to it is the primitive maxillary apparatus — ^tbe 
tympano-byal (Fig. 163), which corresponds to the stapes ; the quadrate 
part of the palato^quaclrate, which has been shaped in mammals to form 
the incus ; and the upper end of the primitive mandible, which gives 
rise to the malleus — all lying exposed just as in the human embryo. 
On their appearance the incus and malleus are superficial in position ; 
it is not until the human foetus has reached the 10th week of develop- 
ment that they become covered by the formation of the squamous plate 
of the temporal. The cartila^ous prominence — named post-orbital 
in Fig. 163, because it bounds posteriorly the orbital region of the 
primitive skull — is worthy of note because it represents the point at 
which a new mandibular joint, the temporo-mandibular, becomes 
evolved in mammals, and thus sets free the old maxillary parts for the 
service of the ear. The post-orbital process of the primitive skull becomes 
the site of the articular eminence in the mammalian skull, while the pre- 
orbital is represented by the internal angular process of the mammalian 
orbit. Thus, out of the primitive orbital region is fashioned not only 
the orbit but the whole floor of the temporal fossa, the malar bone and 
zygomatic arch being later formations evolved out of membranous 
skeletal elements. Sinularly in the skull of the human embryo as in 
that of the shark, there arc no cartilaginous representatives of the maxilla 
or premaxilla. 

Growth oi the Cranial Cavity. — ^The neuro-cranium is framed by the 
disposition of its bones and sutures so as to allow a free and easy expan- 
sion of the brain. By a mechanism we do not fully understand the bones 
entering into the formation of the cranial cavity grow as demand is made 
on them by the brain ; at least, this is so in early life. AYhen the cranial 
bones begin to form in the latter part of the 2nd month, the brain 
(cerebral vesicles) is only half an inch long — from frontal to occipital 
pole ; in the adult the length is fourteen times as much and its volume 
fifteen hundred times larger. As the cerebral vesicles expand the 
developing bones alter in shape. By the 7th month of foetal life the 
relative proportions become approximately fixed [3]. During the first 
four years of life, brain and cranial growth go on rapidly. At birth the 
brain has attained from 20 to 22% of its size ; by the 4th year over 80% 
of the volume is already present. There is a steady increase until the 
18th or 20th year, when the brain attains its maximiun volume — this, 
for the average Englishman, being about 1480 c.c. ; after then there is a 
decline in tbc capacity of the cranium. The changes in the cranial walls 
are secondary to those in the brain [4], 
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develops. A glance at Fig. 162 will sliow why the roof must he fashioned 
from plastic material, for during the 3rd, 4th and 5th months the cerebral 
vesicles, lying over the prechordal region of the base, expand upwards 
and backwards until their occipital poles reach the tectal plates. 



There are certain other features seen in the lateral aspect of the foetal 
chondrocranium which call for comment here. The auditory capsule, 
the auditory ossicles and the region of the tympanum, save for their 
covering of soft parts, lie exposed on the surface of the skull. If 


ORBIT. Recio^ 



no. 163. Xateral aspect of SkuU of Shark. (After Gegenbaur.) 

turn to the lateral aspect of the cartiiagiaous skull of a shark we obtain 
an evolutionary explanation of this arrangement. At the anterior end 
(Fig. 163) is seen the nasal or ethmoidal region ; the hind end is formed 
by the occipital area — compoxmded out of occipital vertebrae. Between 
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cord. As in the case of the cord the mesoderm grows under and over the 
cephalic part of the neural canal, and forms for it a mesenchymal or mem- 
branous covering. The covering of mesoderm thus formed is the 
primitive Anlage or foundation of the skull and of the brain membranes 
in the embryo. 

Membrane and Cartilage Bones. — Only the base of the human skull is 
developed in cartilage, the rest is developed m membrane. How has 
such a condition arisen 1 The brain of Amphioxus, if it can be said to 
possess one, is wrapped in a membranous covering. In fishes with 
cartilaginous skeletons this embryonic mesodermal capsule becomes 
chondrified — plates of cartilage develop in it. As in the spinal column, 
the process of chondrification begins at the base and spreads slowly 
round to the crown or dorsum of the bead. The cartilaginous cranium is 
an advance on the membranous stage. In many fishes a further most 
important element is added. The dermal bony plates, to which the 
placoid scales arc fixed, become applied to the cartilage over the sides 
and dorsum of the skull. Thus to the cartilaginous element of the skull 
18 added a third element — bone formed in membrane. Now, in the 
mammalian skull, and especially m that of man, the cerebral vesicles 
pow so quickly that long before the process of chondrification has had 
time to spread in the membranous capsule from the base to the crown, 
the dermal bones have formed, and thus supplant the cartilage on the 
calvuium. Hence, in the human skull, while the process of chondri- 
fication occurs in the base, and afterwards undergoes ossification, the 
roof and sides (calvaria) of the skull are formed by bones which, historic- 
ally, are derma/ bones, and hence are formed directly in membrane. 
The dermal bones of the human skull are : (t) the frontal, {it) the 
parietal, {Hi) the inter-parietal part of the occipital (the part above the 
superior curved lines), (ti?) the squamous part of the temporal. 

Thus the calvarial part of the skull passes directly from the mem- 
branous to the bony stage, while the base of tbc skull, like the spinal 
column, passes through three stages : (t) membranous, (if) carti- 
laginous, (iff) bony. It will be thus seen that the base of the skull, 
developed in cartilage, is the most ancient part, while the dermal bones 
which form the calvaria represent later additions. 

Development of the Calvarial (membranous or dermal) Part of the 
the 8th and 9th weeks of foetal life — the foetus being then 
a out 25 mm. (1 in.) long — there appear on each side of the membranous 
cramal capsule four centres of ossification : (i) for the frontal bone, at a 
point just above the orbital margin and below the site of the frontal 
emmence (Fig. 165) (ff) for the parietal, at the position of the parietal 
eminence ; this centre is double or even triple in nature, but the separate 
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From Fig. 164 it will be apparent that the walls of the cranium are 
made up of two very different parts — basilar and capsular. The basilar 
part is thick and developed in a cartilaginous basis. Growth proceeds 
as in a long bone ; the lines bet^veen the basi-occipital and basi-sphenoid, 
the basi- and pre-sphenoid, and between the pre-sphenoid and ethmoid 
are growth or epiphyseal discs. The growth of the base of the skull is 
determined as much by the needs of the splanchno-cranium as by those 
of the neuro-cranium. The capsular part — occipital, parietal, frontal and 
temporal bones — on the other hand, respond easily to the expansion of 



Fig. 164. Median sagittal section of the Skull of a Foetus of the 9th month. 


the brain. They grow at their edges ; the sutures are growth lines. 
Growth at the coronal and lambdoid sutures adds to the calvarial length , 
growth at the sagittal and squamous sutures increases the calvarial 
breadth. At the same time there is also a constant deposition or growth 
on the outer table and an absorption on the inner. In this manner the 
bones are modelled and remodelled, and the growth of cranial cavity 
and brain are co-ordinated [5]. Only those, bones which enter into the 
formation of the cranial cavity and help to form the brain chamber are 
dealt vdth in this chapter. These bones are the frontal, parietal, 
occipital, temporal, ethmoid and sphenoid. . 

The Primitive Membranous Skull. — ^The brain is developed from the 
medullary plates of the neural groove in the same manner as the spinal 
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cord. As in the case of the cord the mesoderm grows under and over the 
cephalic part of the neural canal, and forms for it a mesenchymal or mem- 
branous covering. The covering of mesoderm thus formed is the 
primitive Anlage or foundation of the skull and of the brain membranes 
in the embryo. 

Membrane and Cartilage Bones. — Only the base of the human skull is 
developed in cartilage, the rest is developed in membrane. How has 
such a condition arisen ? The brain of Amphioxus, if it can be said to 
possess one, is wrapped in a membranous covering. In fishes with 
cartilaginous skeletons this embryonic mesodermal capsule becomes 
chondrified — plates of cartilage develop in it. As in the spinal column, 
the process of chondrification begins at the base and spreads slowly 
round to the crown or dorsum of the head. The cartilaginous cramum is 
an advance on the membranous stage. In many fishes a further most 
important clement is added. The dermal bony plates, to which the 
placoid scales are fixed, become applied to the cartilage over the sides 
and dorsum of the skull. Thus to the cartilaginous clement of the skull 
IS added a third element — bone formed in membrane. Now, in the 
mammalian skull, and especially in that of man, the cerebral vesicles 
^ow BO quickly that long before the process of chondrification has had 
time to spread in the membranous capsule from the base to the crown, 
the dermal bones have formed, and thus supplant the cartilage on the 
calvarium. Hence, in the human skull, while the process of chondri- 
fication occurs in the base, and afterwards undergoes ossification, the 
roof and sides (calvaria) of the skull arc formed by bones which, historic- 
ally, are dermal bones, and hence are formed directly in membrane. 
The dermal bones of the human skull are : (i) the frontal, (ti) the 
parietal, (u'i) the inter-parietal part of the occipital (the part above the 
Buperior curved lines), (ir) the squamous part of the temporal. 

Thus the calvarial part of the skull passes directly from the mem- 
branous to the bony stage, while the base of the skull, like the spinal 
column, passes through three stages : (i) membranous, (ti) carti- 
laginous, (n't) bony. It will be thus seen that the base of the skull, 
developed in cartilage, is the most ancient part, while the dermal bones 
which form the calvaria represent later additions. 

Development oi the Calvarial (membranous or dermal) Part of the 
Skull. ^In the 8th and 9tb weeks of foetal life — the foetus being then 
about 25 mm. (1 in.) long — there appear on each side of the membranous 
cranial capsule four centres of ossification : {») for the frontal bone, at a 
point just above the orbital margin and below the site of the frontal 
eminence (Fig. 165) (ti) for the parietal, at the position of the parietal 
eminence ; this centre is double or even triple in nature, but the separate 
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points are placed closely and soon fuse together ; (m) for the squamosal, 
at the base of the zygoma (Fig. 165) ; {iv) for the membranoqs part of 



Fig. 165. Tho Centres of Ossification for the Bcmial Bones of the Skull. The bones 
which arc formed in cartilage are stippled. 


the supra-occipital (part above superior curved line) . There may be four 
centres (two on each side) in the membranous supra-occipital (Fig. 167). 




FlG. 166. 



Fig. 166. The Occipital Bone at the 4th month, showing pre-interparietal Wormian 

bones. (After Sappey.) 

Fig. 167. The Supra-occipital from a Foetus of 3 months, showing four centres of ossi- 
fication for the membranous supra-occipital. (After Maggi.) 


The two or four occipital centres fuse early into one at the position of 
the external occipital protuberance, but occasionally these centres may 
form two, three or four separate bones [7]. The two frontal ossifications 
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fuse about tUc end of the 1st year or early in the 2nd ; the rnctopic 
suture which separates them disappearing then. This suture persists 
in 3 to 8% of individuals according to race [8]. One or both parietals 
may be divided by a suture or by a complex of sutures [9]. The centres 
of ossification in these cases have not fused. The parietal bones begin 
to ossify together, at the sagittal suture, about the 22nd year, and union 
is usually complete by the 30th — but in many people complete oblitera- 
tion may no;^ occur until late in life [10]. The coronal suture begins to 
disappear a httle later than the sagittal, while the lambdoid is still later 
and rarely disappears in its cntirct}*. Men and women of the same age 
differ greatly in degree of sutural obliteration. The squamosal partly 
covers the petro-mastoid cartilaginous element and fuses \vith it in the 


svp long.sin ^ ! 



basf-sphen. 


Tio 16S. A coronal ircUon of tlie Skull ofa Foetus. 5 months oM 

first year, the temporal bone being thus formed. These bones, as they 
are laid down, accurately follow the contour of the brain. That organ 
forms a relatively small sphere when ossification commences. Hence 
the convexities or eminences at the regions of earliest formation. 

The Manner in which these Bones arc developed. — In Fig. 168 a vertical 
section of the skull of a foetus 5 months old is represented. The coverings 
of the brain are seen to be then (t) scalp, (ii) a stout white fibrous 
capsule, {ill) a fine membrane lining it — the inner layer of the dura 
mater, (tu) the arachnoid covering the brain (not shown m figure). 
Ossifying fibres which form the parietal are seen developing within the 
capsule and radiating out from the centre of ossification. The ossific 
fibres, as they spread outwards from a common centre, unite by cross 
branches, thus forming an irregular network with osteoblasts and grow- 
ing Vessels within its meshes. Lower down are seen the ossifying fibres 
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points are placed closely and soon fuse together ; (m) for the squamosal, 
at the base of the zygoma (Eig. 165) ; {iv) for the membranous part of 
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Fig. 165. The Centres of Ossification for the Dermal Bones of the Skull. The bones 
wliioh arc formed in cartilage are stippled. 


the supra-occipital (part above superior curved line) . There may be four 
centres (two on each side) in the membranous supra-occipital (Fig. 167). 




Fig. 166. 



Fig. 167. 


Fig. 166. The Occipital Bone at the 4th month, showing pre-interparietal Wormian 

bones. (After Sappey.) 

Fig. 167. The Supra-occipital from a Foetus of 3 months, showing four centres of ossi- 
fication for the membranous supra-occipital. (After Maggi.) 


The two or four occipital centres fuse early into one at the position of 
the external occipital protuberance, but occasionally these centres may 
form two, three or four separate bones [7]. The two frontal ossifications 
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of fibrous bone (a, 6, c, d, c) arc being extended. By the 9th year the 
gro^h tissue is exhausted and only the septum separates the edges of 
the tTTO parietal hones. It is not until the septum is absorbed that 
union can occur, so obliterating the suture. The inner lamellae of bone 
are being both formed and absorbed ; new ossifjdng fibres appear under 
the pericranium [13]. 

In Fig. 1G9> B, is shown a section of part of the parietal of the same 
child, made some distance from the suttiral Imc. It will be seen that 
some of the trabeculae have become united, thus enclosing marrow 
spaces. In the 2nd year, lamellae arc being laid down uniformly under 
the pericranium and under the dura mater, forming the outer and inner 




Flo 169. 

A. Section across the Sagittal Suture of a ChQd aged C months. (After Bemteln ) 

Explanation In text. 

B. Section of the Tarletal Bone of the tame CbOd made near Uio centre of the bone 

tB*nuteln ) 

tables. It is not until the 5th year that tables and diploc become 
sufficiently differentiated to be clearly seen in a radiogram. Prof. 
H. A. Harris observed that venous spaces appear in the diploe about the 
age of 25, and that some 20 years later these venous spaces become filled 
by bone [14]. From birth to death the cranial osteoblasts are in .a state 
of activity, laying down new bone at certain sites while at others the 
process of absorption goes on. The cranial bones are remodelled many 
times [15]. Osteoblastic activity is sensitized by hormones formed in 
the pituitary and in the parathyroids [1C]. Even if both parietab arc 
excised from the skull of a young animal, both are reproduced from the 
dural bed and assume their normal slmpe and contacts [17]. 

As the brain expands new bone is formed at the sutures to increase 
the capacity of the skull, but the operation of craniotomy to allow the 
expansion of a confined brain, by the formation of a new suture, is 
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of the squamosal. Between the ossifying fibres at the growing margin 
• of the tabular bones, are parallel leashes of vessels ; hence if an injection 
is made of the arteries, the circumference of a bone becomes intensely 
injected and coloured. The base of the sloill is formed of cartilage 
which is covered, or ensheathed, by a perichondrium continuous with 
the membranous capsule. In the cartilage appear the centres of 
ossification for the sphenoid. 

As the bony fibres of the parietal spread out, they divide the primitive 
cranial capsule into an outer layer — the pericranium — and an inner— the 
periosteal layer of the dura mater. At the periphery of the bone and in 
the sutures the continuity of these two layers persists. The growth of 
the fibroblasts and osteoblasts in the sutural lines between the bones 
keeps time with the growing brain, which expands the capsule, but there 
is, at each corner of the parietal bone, until the end of the 1st year, a 
part of the primitive cranial capsule left unossified. These unossified 
parts of the membranous capsule are the font anelles. 

The Fontanelles [11]. — There are five fontanelles connected with each 
parietal bone, one at each of its rounded angles, and one, the sagittal 
(Fig. 165), which occurs between the radiating fibres-of the parietal near 
the posterior end of the sagittal suture. The parietal foramen marks ite 
position in the adult. In about 30% of children this fontanelle is 
unclosed at birth (Adair and Scammon) ; a large parietal foramen may 
permanently mark its situation [12]. The posterior inferior fontanelle, 
situated at the asterion (Fig. 165), the anterior inferior, at the pterion, 
and the posterior superior, at the lambda, close before or about the time 
of birth. Separate or detached ossifications, which become Wormian 
bones, are often developed in the primitive capsule of the skull at those 
three fontanelles and thus close them. The anterior superior fontanelle, 
at the bregma, cannot be distinctly felt during life after the 1st year 
(Warner), but it is not completely closed imtil the 2nd year is nearly 
over. This fontanelle is lozenge-shaped, being bounded by four bones, 
viz. the two parietals and two frontals. The bregmatic or antenor 
superior and lambdoid or posterior superior fontanelles are median and 
common to both parietals. 

Differentiation of Tables and Diploe. — ^In Fig. 169 is given a diagram- 
matic section across the sagittal suture of a child aged 6 months. The 
tissue occupying such a suture has been compared to a growth or 
diaphysial disc of a long bone. There , is, however, one important 
difference. It will be seen that, in the midst of the suture, the peri- 
cranium (P) and dura mater (D) are united by a septum of tissue, which 
we may speak of as the sutural septum (S. Sept.). On each side of this 
septum is situated the growing sutural tissue {S.T.), into which spicules 
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vertebrae, the lateral processes, corresponding to the neural vertebral 
arches and an extra element — the tcctal plate. 

In Fig. 171 the condition of the occipital region is shown in a 5th- 



Fio. 170. Intracranial aspect of the Pasal Plate and Occipital Parts of the Chondro- 
cranium of a Uiiniaii Foettw In the Mihueekofdevelopmeut (^^arTen Lewis 1 


mouth foetus. Four centres of ossification appear in the tectum (Fig. 
167), and quickly fuse to form the membranous part of the supra- 
occipital. A suture between the membranous and cartilaginous parts 



parietal 



Fio. 171. The Occipital Regloii In a Foetus of C montha. 


is clearly visible — especially near the footanelle at the asterion. The 
membranous and cartilaginous parts of the supra-occipital become 
completely fused soon after birth. It will be observed that the process 
of fusion between the lateral parts of the cartilaginous supra-occipital 
is not complete in the 5th month (Fig. 171). The occipital fontanelle 
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founded on the assumption that the arrest of brain-growth in micro- 
cephahc idiots is due to the closure of the sutures, whereas it is due to an 
inherent defect in the brain. We frequently see skulls where one or more 
sutures have been prematurely closed, but in such cases there has been 
compensatory growth at other sutures, giving rise to a pecuharity in 
cramal form. Growth of the cranial cavity could take place by a deposit 
of bone on the outer table and an absorption from the inner ; for this 
manner of growth, sutures are unnecessary. The synostosis of the 
sutures does not necessarily prevent growth ; synostosis of the skull 
bones occurs only when the brain has ceased to expand. If the brain of 
the mfant is arrested in its growth, prematme oss^cation of the sutures 
occurs, the condition of microcephaly resulting therefrom [18]. In 
hydrocephaly, when the ventricles become enormously dilated, the 
membranous capsule of the cranium expands so quickly that the process 
of ossification cannot keep up \vith its rapid growth. Hence in hydro- 
cephaly the fontanelles arc enormous. The growing points of ossific 
fibres become detached and form Wormian bones. The cartilaginous 
part of the skull is scarcely afi^ected in this disease. The membrane- 
formed part of the skull is liable to diseases which do not affect the 
cartilage-formed part. The dura mater is very adherent to the bones 
formed in cartilage. 

Development of Bones formed in Cartilage. — (f) The Occipital Bone . — 
The occipital bone is developed from the parachordal cartilages. Two 
cartilaginous bars, although appearing separately in the development of 
fishes, are united from their first appearance in the human embryo, 
forming a basilar plate (Robinson). The plate is formed in the mesen- 
chymal sheath of the notochord, its centre of chondrification — -the first 
to appear in the base of the skull — beginning at the end of the 1st month 
of development. The basilar plate may be regarded as a continuation of 
the vertebral bodies, while the lateral processes (Fig. 170), which are 
perforated at their bases by the foramen or foramina for the hypoglossal 
nerve and which separate the jugular foramen in front from the foramen 
magnum behind, may be regarded as a continuation of the neural arch 
series [19]. Fused to the lateral process and also to the otic capsule is 
the roof plate already mentioned — ^the tectal plate or tectum (Fig. 170)- 
YTule the lateral processes never reach the posterior or dorsal margm 
of the foramen magnum, it is quite otherwise with the right and left 
tectal plates ; they extend round the hind-brain until they meet and 
unite, thus forming the posterior margin of the foramen magnum and 
the supra-occipital plate of cartilage. Thus the cartilaginous basis of 
the occipital bone is formed out of three elements on each side — ^the 
basilar plate representing the centra and hypochordal arches of cervical 
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vertebrae, the lateral processes, corresponding to the uciiral vertebral 
arcbes and an extra clement — the tcctal plate. 

In Fig. 171 the condition of the occipital region is shown in a 0th- 



FIO. 170. Intracrantal aspect of titc Kasai Plate atid Occipital Parts of the Clioodro* 
craoluiii of a lluntan Foetus In llie 0Ui Vkcck of devclupnieiit. (Warren le«U ) 


month foetus. Four centres of ossification appear in the tectum (Fig. 
167), and quickly fuse to form the membranous part of the supra- 
occipital. A suture between the membranous and cartilaginous parts 



PiQ. 171. The Occipital llegioii in a Foetus of 5 mouths. 

is clearly visible— especially near the fontanelle at the asterion. The 
membranous and cartilaginous parts of the supra-occipital become 
^ fused soon after birth. It rrill be observed that the process 

o usion between the lateral parts of the cartilaginous supra-occipital 
w not complete in the 5th month (Fig. 171). The occipital fontanelle 
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founded on the assumption that the arrest of brain-growth in micro- 
cephahc idiots is due to the closure of the sutures, whereas it is due to an 
inherent defect in the brain. We frequently see skulls where one or more 
sutures have been prematurely closed, but in such cases there has been 
compensatory growth at other sutures, giving rise to a pecuharity in 
cranial form. Growth of the cranial cavity could take place by a deposit 
of bone on the outer table and an absorption from the inner : for this 
maimer of growth, sutures are unnecessary. The synostosis of the 
sutures does not necessarily prevent gro\vth ; synostosis of the skull 
bones occurs only when the brain has ceased to expand. If the brain of 
the infant is arrested in its growth, premature ossification of the sutures 
occurs, the condition of microcephaly resulting therefrom [18]. In 
hydrocephaly, when the ventricles become enormously dilated, the 
membranous capsule of the cranium expands so quickly that the process 
of ossification cannot keep up with its rapid growth. Hence in hydro- 
cephaly the fontaneUes are enormous. The growing points of ossific 
fibres become detached and form Wormian bones. The cartilaginous 
part of the skull is scarcely affected in this disease. The membrane- 
formed part of the skull is liable to diseases which do not affect the 
cartilage-formed part. The dura mater is very adherent to the bones 
formed in cartilage. 

Development of Bones formed in Cartilage. — {i) The Occipital Bone.— 
The occipital bone is developed frpm the parachordal cartilages. Two 
cartilaginous bars, although appearing separately in the development of 
fishes, are united from their &st appearance in the human embryo, 
forming a basilar plate (Robinson). The plate is formed in the mesen- 
chymal sheath of the notochord, its centre of chondrification — ^the first 
to appear in the base of the skull — ^beginning at the end of the 1st naonth 
of development. The basilar plate may be regarded as a continuation oi 
the vertebral bodies, while the lateral processes (Fig. 170), which are 
perforated at their bases by the foramen or foramina for the hypoglossa 
nerve and which separate the jugular foramen in front from the foramen 
magnum behind, may be regarded as a continuation of the neural arch 
series [19]. Fused to the lateral process and also to the otic capsule is 
the roof plate already mentioned — ^the tectal plate or tectum (Fig. 170)- 
"While the lateral processes never reach the posterior or dorsal margm 
of the foramen magnum, it is quite otherwise with the right and left 
tectal plates ; they extend roimd the hind-brain imtil they meet and 
unite, thus forming the posterior margin of the foramen magnum and 
the supra-occipital plate of cartilage. Thus the cartilaginous basis of 
the occipital bone is formed out of three elements on each side— the 
basilar plate representing the centra and hypochordal arches of cervical 
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The hinder ends of the trabeculae fuse with the parachordal cartilages 
round the anterior termination of the notochord. The stalk of the 
pituitary becomes enclosed in the intertrabccular plate. In front of the 
pituitary the two trabeculae are fused in the middle Une. The mesial 
fused parts of the trabeculae become the cmbryological basis of the nasal 
septum (Fig. 173). The posterior part of the median fused bars forms 
the cartilaginous basis of the prc-sphcnoid and basi-sphenoid [21]. The 
trabeculae, as we shall sec later (p. 230), have a very ancient lineage. 
They belong to the same series of structures as the cartilages of the 



Fia. 172 Diagram of the Ttahcevilae Crinli. Parschorilal Cartilages, and Periotic 
Capsules 

gills. The trabeculae represent the cartilaginous arch of the pre- 
tnandibular or first segment of the head. 

Development of the Sphenoid. — ^Prof. Fawcett observed the manner in 
which the cartilaginous basis of the sphenoid is formed in the human 
embryo [1]. The mesodermal or mesenchymatous basis of the sphenoid 
becomes chondrified during the 2ud month— right and left centres 
representing the original trabeculae. \Vhile the cartilage, in which the 
centres for ossification of the basi- and pre-sphenoids appear, is formed 
out of the trabecular or prechordal plate, the great and small wings have 
separate origins. We have already seen (p. 207) that on each side of the 
prechordal base there are formed two plates of cartilage, rudiments of 
the lateral wall and roof of the primitive cartilaginous cranium (Fig. 162). 
The anterior of these— the orbito^sphenoids—fotm the cartilaginous basis 
of the lesser wings. In the 8th week of development (Fig. 173) each is a 
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projects upwards between them from the foramen magnum. This 
fontanelle is filled by a continuation of the posterior atlanto-occipital 
ligament, and becomes closed soon after birth. It is the most common 
site of a cerebral meningocele — a saccular protrusion of the membranes 
of the brain which contains cerebro-spinal fluid, and usually a part of 
the occipital lobes distended by a dilatation of the posterior horns of the 
lateral ventricles. 

Separate centres of ossification appear early in the 3rd month of foetal 
life in the occipital cartilages to form (i) the basi-occipital, {ii) the two 
exoccipitals, and (m) the supraoccipital [20]. The occipital consists of 
four pieces until the 4th year, when synostosis occurs. The occipital 
condyles are formed from the exoccipitals and basi-occipital, the 
exoccipital element constituting in the adult by far the larger part, but 
when the condyles first appear they are continuous at the anterior border 
of the foramen magnum, forming a single or median condyle, as in reptiles, 
birds and lower mammals. The foramen for the hypoglossal nerve, 
which may be subdivided into two or even three compartments, i^omed- 
between the two elements and thus corresponds to the inter- vertebr^ 
series. The occipital protuberance at the inion is formed by hot 
membranous' and cartilaginous parts of the supra-occipital. One or 
two Wormian bones are often formed in the occipital fontanelle at the 
posterior border of the foramen magnum and receive the fantastic name ^ 
of the bones of Kerckring. I 

(n) The Petro -mastoid forms part of the base of the skull. We sha 
see that the petrous bone (p. 323) is primarily developed as an in e 
pendent cartilaginous capsule round the inner ear, but at an early date 
(6th week) it fuses at certain points with the parachordal basis of t e 
occipital bone, while an extension from the mastoid part of the caps e 
enters into the formation of the tectum. Even as late as the 30th year 
remnants of the tectal caidilage may be found between the petro-mastoi 
and occipital bones, especially between the jugular process of the occipi a 
and the mastoid. The fibro-cartilage in the foramen lacerum medium 
and perhaps the Eustachian cartilage, which is continuous with it, are 
remnants of the periotic cartilaginous capsule. 

(in) Trabeculae Cranii . — ^The basilar plate, containing the notoc or 
and fashioned out of the parachordal cartilages, terminates immediate y 
behind the pituitary fossa. The cartilage of the dorsum sellae is 3. 
separate formation. The prechordal part of the base of the sloill ^ ^ ® 
lowest vertebrates appears first as two irregular plates of cartilage ^t e 
trabeculae cranii (Fig. 172). Even in the mammalian skull the trabecmae 
can still be traced in the pituitary region, where they are umted by a 
plate of cartilage, ultimately included in the floor of the pituitary fossa. 
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sickle-shaped plate lying over the stalk of the optic vesicle, sending one 
process under the optic nerve to join the cartilaginous prominence — ^the 
'processus liypochiasmatica — ^from which the muscles of the eyeball take 
origin. The other process of the orbito-sphenoid fuses with its fellow 
above the prechordal plate and thus completes the optic foramina (Fig. 
174). The great wing or alisphenoid arises in a rather comphcated 
manner. In the 8th week it is represented by two small nodular masses 
of cartilage (Fig. 173), the alar process attached to the prechordal plate 
and the temporal wing. The iuternal carotid artery lies on the mesial 
side of the alar process, which is represented by merely the lingular 
process in the fully developed bone. The temporal wing lies under the 



FIG. 173. The Prechordal Base of the Chondrocranium in the 8th week of development. 

(Warren Lewis.) 


Gasserian ganglion and separates the 2nd from the 3rd division of the 
nerve [22]. The mesodermal tissues round the temporal wing undergo 
a secondary chondrification, and it is from this new formation that the 
greater part of the alisphenoid is formed ; as it extends it encloses the 
2nd and 3rd divisions of the Vth nerve, the round and oval foramma' 
being thus formed (Fig. 175). A gap remains between the orbito- 
sphenoid and ahsphenoid to form the sphenoidal fissure. The dorsum 
sellae has a separate centre of chondrification. 

The small size of the alisphenoid in its first stage of development and 
its remarkable growth in its later stages may be explained by its evolu- 
tionary history. It has been evolved from an element which did not 
originally enter into the formation of the cartilaginous cra-nium ^the 
palato -quadrate. With the evolution of a temporal lobe there necessarily 
appeared a middle fossa in the base of the cranium to contain it. The 
element which expanded to form a wall for the middle fossa was derived 
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(i) By the union of two bones ; examples of this form arc the jugular 
foramen, sphenoidal fissure, Glasscrian fissure, etc. 

(n*) By the union of two elements of one bone : the anterior condylar 
foramina, optic foramina, the foramen magnum, aqucductus Fallopii, etc. 

{in) By the enclosure of a notch on the edge of a bone, of which the 
foramen ovale is the best example. This foramen is at first a notch in 
the posterior border of the great wing of the sphenoid (Fig. 175) ; it 
remains in this condition in all mammals except man and some anthro- 
poids. In man the margins of the bone on each side grow out and fuse, 
and thus convert the notch into a foramen. Other examples are the 
foramen spinosum, the foramen rotundum, parietal foramen, mastoid. 



for. ovale f \| lingula 


intpter. 

FlO. 175. Th«Spbcnoi(lm&fo«tusof4iDODthi. TbeMDtresofoasiSc&UoDaredeeDly 
shaded. (After Sapper.) 


and the internal auditory meatus, which appears first as a notch on the 
upper border of the petrous cartilage. 

Wormian Bones. — In the six fontanelles which occur at the parietal 
angles ossific centres frequently appear. Fontanelle ossifications form 
Wormian bones. They occur most frequently at the posterior angles 
of the parietal (Lambda and Asterion) ; they are also common at the 
Pterion (epipterio Wormian), but rare at the Bregma. The Wormian 
at the last-mentioned point receives the name of os anti-epilepticum ; 
another may form in the occipital fontanelle — the os kerckringi. Much 
confusion has been caused by naming a large Wormian which may occur 
in the lamboidal (posterior-superior) fontanelle the inter-parietal bone. 
Wormian or sutural bones arc particularly numerous in the skulls of 
infants who have been the subjects of hydrocephaly. It is possible that 
during the rapid expansion of the skull, the tips of ossifying fibres become 
detached, thus forming separate centres of ossification in the sutures and 
fontanelles. 

Inter-parietal Bone.— It has already been shown that the part of the 
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proc., Fig. 174, B) wliicli bounds tbe outer side of carotid groove is 
ossified from a centre wbicb apjjears during the 4th month of foetal 
life. 

The wings of the sphenoid developed in the orbital region of the 
primitive slnill (Fig. 163). The enormous expansion of the cerebral 
vesicles and the evolution of a new mode of mastication have worked a 
revolution in the primitive orbital region ; the temporal lobes, as it were, 
have burst the ancient cartilaginous w'all. The ala-temporalis appears 
first in the embryo as a process from which the muscles of mastication take 
origin (Fawcett). 

The pituitary body is developed between the trabeculae cranii ; the 
pre-sphenoid is formed in front of it and the basi-sphenoid behind it. 
A canal may remain in the foetal or even adult bone to mark the position 
of the developmental stalk of the buccal part of the pituitary [24]. On 
the cerebral aspect this canal opens at the olivary eminence which also 
marks the muon of the pre- and the basi-sphenoids. The writer has seen 
a child in whom the trabecular cartilages had remained apart, leaving a 
wide gap through which the pituitary projected within the septum of the 
nose. The pre-sphenoid and afterwards the basi-sphenoid are much 
altered by the growth of the sphenoidal sinuses, which commence to 
expand rapidly about the 7th year [25]. The great wings support the 
temporal poles of the brain, their size depending on the development of 
that part of the brain. They are much larger in man than in any other 
mammal, owing to the great size of the human temporal lobes. The 
small wings project within the vallecula Sylvii., In the early foetus the 
dorsum sellae is enormously developed, and fills the deep and sharp 
angle between the mid-brain and fore-brain (Fig. 107). 

The Ethmoid. — The cartilaginous basis of the skull is completed in 
front by the ethmoid ; on its upper surface rest the olfactory bulbs. 
In the primitive skull (Figs. 160, 163) the olfactory capsule, out of which 
the cartilaginous ethmoid has been evolved, is far in front of the space 
which contains the fore-brain. In the evolution of the higher verte- 
brates the frontal lobes have been brought within the floor of the cramal 
cavity by a double process — by a shortening of that part of the trabecular 
plate which unites the sphenoid to the olfactory or ethmoidal capsuK 
and by the forward extension of the cerebral vesicles, which have pushed 
their way into the forehead until they project beyond the olfactory 
region. The cribriform plate is formed in the 4th month ; imtil then a 
gap separates the lateral mass from the septal or trabecular plate 
(Fig. 174, A, B). - 

Formation of Foramina in Bone. — ^The foramina of the skull are formed 
in one of three ways (Bland-Sutton) : 



THE CRANimi 


225 


occipital poles of the brain ; the breadth or isidest diameter is measured 
between the wdest points — usually Bomc distance below the parietal 
eminences. If the length of a skull is 100 mm. and the breadth 75, the 
cephalic index of that skull is 75, i.e. the breadth is 75% of the length. 
Human races may be dolichocephalic (long-headed), the breadth being 
75% or less of the length ; brachycephalic, in which the breadth is 80% 
or more of length ; or mesaticephalic, in which the breadth is between 
75% and 80% of the length. Various methods are employed in esti- 
mating the height of the skull, but the best is that which takes the upper 
margin of the external auditory meatuses and lower margin of the orbits 
as representing the basal (FranWort) plane. The height is measured from 
this plane to the highest point in the sagittal suture [26], The vault 
attains its greatest height above the external meatus about the 8th year. 
After then, the basal parts widen and lengthen, while the height of the 
vault remains at about the same level. After the 8th year a child’s skull 
changes greatly in its contours. 

English people have an average cephalic index of 78, South Germans 
83 ; hut it must be remembered the individuals of every race show a ndde 
range of variation [27]. It \vill be seen that the topography of the 
brain worked out by German su^cons cannot be applied to the longer 
English heads without modification. 

Factors which determine the Shape o! Head.-^Tbe shape of the skull 
depends : (t) on the size and shape of the brain ; (it) on the size and 
strength of the muscles which arise from it — the muscles of mastication ; 
or are mserted to it — the muscles of the neck. Brain growth is by far 
the most important factor, but we do not know the conditions which 
flatten the brain from side to side in dolichocephalic races or shorten it 
from frontal pole to occipital pole in brachycephalic races. Muscular 
action can only exercise a nunor effect. Prof. Arthur Thomson [28] has 
shbwn that there is a correlationship between dolichocephaly and the 
size of the temporal muscles — which are relatively large in long-headed 
races — and the shape and mechanbm of the mandible. It is to be 
remembered that : (t) the muscles of mastication and of the neck imdergo 
their greatest development between the 12th and 28th years ; (u) before 
that time the brain has almost completely attained its adult size and 
shape ; {iti) with the growth of the face and neck, at and after puberty, 
the basal parts of the skull and bram are widened, but the ratio of 
cramal width to length— save for the growth forwards of frontal 
sinuses and glabella— remains nearly the same. On the other hand, the 
ratio of width to length may alter greatly between birth and 
childhood [29], 

U has been inferred that the shape of the skuU and head depends on 
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supra-occipital above the superior curved lines is developed from 
membrane by four centres of ossification, and is at first, and remains so 
almost until birth, nearly separated from the lower part developed from 
cartilage (Figs. 167, 171). The membranous part of the supra-occipital 
represents the inter-parietal bone. In marsupials, ruminants and 
ungulates the inter-parictals fuse noth the parietals, and not with the 
occipital. In rodents they fuse with both occipitals and parietals. In 
primates and carnivora, as in man, they fuse \vith the occipital. It is 
extremely rare to find the whole inter-parietal as a separate bone in 
man, but a large Wormian, partly replacing the inter-parietal, is very 



FIG. 176. 

A. Diagram of a Long-liead (Doliolioceplialic). 
li. Diagram of a Sliort-head (Brachycephanc). 


frequent. Such a Wormian bone, if large, is named variously os epaotal, 
os Incae, os triquetrum, or pre-interparietal. 

The Post-frontal does not occur in mammals as a separate bone ; m 
them it has fused with the frontal, and forms that part of the bone which 
articulates with the great wing of the sphenoid and malar. A-Wormian 
bone — ^the epipteric — ^which is occasionally developed in the fontanelle 
at the pterion may be mistaken for it. Traces of a true post-frontal, 
partly' separated from the frontal, rarely occur in man. 

The Cephalic Index. — Anthropologists have employed the shape of tb® 
head as a character in classifying the races of mankind. The cephalic 
index is used to express the shape of the head. It states the proportion 
that the breadth bears to the length of the skull (Figs. 176, A, B). The 
length or long diameter of the skull is usually measmed from the glabella 
to the most projecting point of the occiput — commonly situated over the 
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are shown. They are contrasted types ; in one, Acrocephaly or steepk- 
skuU, the base is abnormally short, owing apparently to an arrest of 
growth at the jimction of the pre-sphenoid and ethmoid. Compensation 
is obtained by an upward growth of the brain, thus heightening the roof. 
In severe cases the optic nerves may be pressed on and blindness thus 
caused. In the second type, Scaphocephaly, or boat-shaped skull, 
the cranium is very narrow from ade to side, while the calvarial arc — 
from nasion to opisthion (posterior border of foramen magnum) is 
greatly elongated. In scaphocephaly there is an arrest of growth— often 
a synostosis— along the sa^ttal suture. In acrocephaly the coronal 
sxitpre is closed. In these two and in allied conditions there is a certain 
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amount of evidence that points to a disturbance in the function of the 
glands of internal secretion. 

The Facial /Ingle k the angle at which the face projects from the axis 
of the skull (Figs. 178, 179). The skull consists in man, as in all mam- 
mals, of two parts — the facial part (splanchnocranium), which carries 
the teeth and is developed according to their size, and the brain capsule 
(nenrocranium), which depends on the sUe of the brain! The smaller 
the brain and the larger the face, the more does the face project in front 
of the skull, and, therefore, the greater is the facial angle, and vice 
verso 1.33]. It will thus be seen that the facial angle is to a certain 
degree an index of brain development, although it is greatly influenced 
by the state of the jaws. It is smallest in the most highly developed 
races of man ; it is larger in the lower races, and larger still in the 
anthropoids it increases in size with the advent of the permanent teeth 
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the rate of growth at the sutural junctious, growth being greatest at the 
coronal and lambdoid sutures in long heads, and at the sagittal and 
squamosal in wide heads. Investigations have proved that sutural 
additions have a minor influence on head-form. Premature obliteration 
of a suture, or of part of a suture, may produce no apparent alteration in 
cranial shape [30]. 

Abnormal Crania [31]. — It is possible that light will be thrown on the 
factors which determine head-form by the study of certain pathological 
conditions. In the disease kno^vn as acromegaly, where there is always 


ACROCEPHM.Y 



Fig. 177. Outlines of Abnomal Skulls, showing a contrast in shape. 


a great enlargement of the pituitary gland, the skull undergoes pecuha 
growth changes. The supra-orbital ridges become greatly developed 
the face elongates, the temporal lines from which the temporal muscle; 
arise, grow upwards on the side of the skull, thus increasing the area o 
the temporal muscles. At the same time the lines which mark th< 
attachment of the muscles of the neck — the mastoid processes, superioi 
curved lines and external occipital protuberance-r-also mcrease greatlj 
in size. In achondroplasia and in rickets the skull assumes characteristic 
forms due to a disturbance in the growth of the base of the slmll. To £ 
certain degree the growth of the cranial bones is regulated by interna] 
secretions [32]. In Fig. 177 two common types of abnormal skull formE 
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The 'pa.ra-incistoid process projects from the temporal bone lateral to the 
para-occipital (Parsons). If wc regard the jugular process of the occipital 
as representative of a transverse process, then the para-occipital process 
may be of the same nature os the bony union occasionally seen between 
adjacent transverse processes of cervical vertebrae. 

Upgrowth of the Temporal and Occipital Ridges or Curved Lines.— In 
lower animals, such as the ape or dog, a great increase in the development 
of the temporal and nuchal muscles takes place with the eruption of the 
permanent teeth, the area of their orighi from the skull being necessarily 
enlarged. The ridges of bone which mark the limit of attachment of 
these muscles, the temporal and occipital ridges, ascend on the skull as 
waves of living hone before the growing muscles. The ridges may meet, 
as in apes, along the sagittal and lambdoidal sutures and form great 
crest-like upgrowths. In Pig. 179 the position of the temporal lines in 
a juvenile chimpanzee is shown; they ate approaching the sagittal 
suture. They have extended backwards, and met with the occipital 
lines, which arc ascending above the attachment of the growing muscles 
of the neck. The temporal and occipital Imes arc seen to be fused 
together to form a temporo-occipital crest. At the same time the 
temporal lines spread forwards on the frontal region, the frontal extension 
being accompanied by a marked growth of the supra-orbital ridges and of 
the zygomatic arches. Thus the skull is modified by the growth of the 
muscles of mastication and of the neck. In man these changes also take 
place, but to a less extent than in anthropoids. At birth the temporal 
lines are just above the lower border of the parietal bones. During the 
second year the mastoid part of the ridge for the attachment of the neck 
muscles grows downwards into a pyramidal process— the mastoid— 
which is peculiar to the human species. In Neanderthal man the 
mastoid process is shaped as in the anthropoid infant [34]. 

Segmentation Theory of the Skull [2]. — It is inferred from investiga- 
tions made on the developing heads of fishes and amphibians that each 
primitive cephalic segment contains a cavity comparable to that seen in 
each body segment (p, 59), from the wall of which are developed (see 
Fig. 180) : (i) a sclerotome, (li) muscle plate, (lit) sldn plate, (u’) modi- 
fied nephrotome. The sclerotome of each segment provides a cartila- 
ginous sheath for the notochord and the basis of the cranial capsule. 
The three hinder segments (occipital) give rise to muscle plates (Fig. 180). 
The ventral or visceral part of each segment, as is shown m Fig. 180, 
descends by the side of the foregut, to fuse together ventral to that 
tube, where they enclose the pericardium. Out of the ventral parts of 
the segments are fashioned the branchial or visceral arches. We have 
already noted the fact that an essential element of the branchial arches 
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and the necessary increase in the size of the face. It is, therefore, greater 
in the adult than in the newly born. 

Flexion of the Granial Base. — ^In Figs. 178, A, and 179 the axis of the 
cranial base is represented by a line drawn from basion to nasion, but it 
is quite apparent that this line does not represent the axis accurately 
The truth is that there are two parts in the cranial axis which are 
functionally as w'ell as morphologically distinct, the chordal and pre- 
chordal parts (p. 206). In the higher primates, especially in man, the 
prechordal part is bent downwards — or flexed — on the chordal. The 
manner in which the degree or angle of flexion may be measured is shown 



Fig. 179. Profile of the Cranium of an Immature Chimpanzee, showing 

the temporal ridges, the formation of occipital crests and the lines of the laciai 
angle. 


in Fig. 178, B ; it is a much opener angle in anthropoids than in man. 
The degree of flexion is most variable in man ; in cases where the flexion 
is great the forehead is projecting and the face receding, the facial angle 
being apparently small. If there is a great degree of extension of the 
axis, then the forehead is receding and the lower part of the face pro- 
jecting or prognathous. Thus the facial angle is not a safe gmde to the 
degree of prognathism or face projection, because it may be exaggerated 
or masked by the extension or flexion of the cranial base. 

The Para-occipital Process is sometimes present in man, and projects 
downwards from the jugular process of the occipital bone. The rectus 
capitas lateralis is inserted to it. The process represents the para- 
occipital process, which is so highly developed in rodents and ungulates. 
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The para-mastoid process projects from fhe temporal bone lateral to the 
para-occipital (Parsons). If we regard the jugular process of the occipital 
as representative of a transverse process, then the para-occipital process 
may be of the same nature as the bony union occasionally seen between 
adjacent transverse processes of cervical vertebrae. 

Upgrowth oi the Temporal and Occipital Ridges or Curved Lines. — In 
lower animals, such as the ape or dog, a great increase in the development 
of the temporal and nuchal muscles takes place with the eruption of the 
permanent teeth, the area of their origin from the skull being necessarily 
enlarged. The ridges of bone which mark the limit of attachment of 
these muscles, the temporal and occipital ridges, ascend on the skull as 
waves of living bone before the growing muscles. The ridges may meet, 
as in apes, along the sagittal and lambdoidal sutures and form great 
crest-like upgro^hs. In Fig. 179 the position of the temporal lines in 
a juvenile chimpanzee is shown ; they arc approaching the sagittal 
suture. They have extended backwa^s, and met ivith the occipital 
lines, which are ascending above the attachment of the growing muscles 
of the neck. The temporal and occipital lines arc seen to be fused 
together to form a temporo-occipital crest. At the same time the 
temporal lines spread forwards on the frontal region, the frontal extension 
being accompanied by a marked growth of the supra-oibital ridges and of 
the zygomatic arches. Thus the skull is modified by the growth of the 
muscles of mastication and of the neck. In man these changes also take 
place, hut to a less extent than in anthropoids. At birth the temporal 
lines are just above the lower border of the parietal bones. During the 
second year the mastoid part of the ridge for the attachment of the neck 
muscles grows downwards into a pyramidal process — ^the mastoid — 
which is peculiar to the human species. In Neanderthal man the 
mastoid process is shaped as in the anthropoid infant [34]. 

Segmentation Theory oi the Skull [2]. — It is inferred from investiga- 
tions made on the developing heads of fishes and amphibians that each 
primitive cephalic segment contains a cavity comparable to that seen in 
each body segment (p. 59), from the wall of which ate developed (see 
Fig. 180) ; (i) a sclerotome, (u) muscle plate, (iii) skin plate, (tu) modi- 
fied nephrotome. The sclerotome of each segment provides a cartila- 
ginous sheath for the notochord and the basis of the cranial capsule. 
The three hinder segments (occipital) give rise to muscle plates (Fig. 180). 
The ventral or visceral part of each segment, as is shown in Fig. 180, 
descends by the side of the foregut, to fuse together ventral to that 
tube, where they enclose the pericardium. Out of the ventral parts of 
the segments are fashioned the branclual or visceral arches. We have 
already noted the fact that an cssentUil element of the branchial arches 
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is derived from the neural crest (p. 71) and also that the mesoderm by 
the side of the foregut is separated at a very early phase of development. 



hind brain 

muscle plate 
head cavity 
notochord 
sclerotome 

foregut 
viscera! arch 
heart 

■pericardium 

Fig. ISO. Scheme of Segmental Head-cavity seen in a section made in the corona! 

plane. 

The number of segments in the mammalian head is by no means 
settled ; on the evidence of the cranial nerves and of the neuiomeres 



Fig. 181. Ascliematic diagram of the Segmental Elements of the Skull. The numbers 
refer to the cartilaginous bars of the various visceral arches. The 4th and.otn 
are combined in the hyoid bone, the 6th and 7th in the thyroid cartilage, the 8th 
(and 9th?) in the arytenoid, cricoid, and tracheal 'cartilages. For further 
explanation, see note [35], p. 233. 


of the hind-brain the number appears to be seven (p. 151), but certain 
considerations, specially relating to the facial and branchial structures, 
which we proceed to exa m i n e in the next chapter, lead us to suspect that 
the number is nine. ' , 

In Fig. 181 a diagrammatic representation is given of one of the many 
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segmental theories of the skull. The parachordal plate represents the 
unseparatcd centra of the nine segments. The primitive neural arches 
have been ^stuihed by the enormous enlargement of the neural tube, 
but especially by the expansion of the tube in the prechordal region 
to form the cerebrum and basal ganglia. In amphioxus the neural 
tube does not extend beyond the notochord. In the vertebrate bead 
all that remains of the neural arches of the nine primitive segments are 
the lateral occipital cartilaginous processes (Fig. 170). Of the visceral 
cartilaginous processes of the nine segments the 1st form the traberculae 
cranii (Huxley, Howes) ; with the forward protrusion of the neural tube 
the trabeculae come to form part of the base of the skull ; the 2nd form 
the palato-quadrate bars [35]. Both of these processes are preoral. 
The 3rd forms the mandibular bar, the 4th the hyoid bar, the 5th, 6tb, 
7th, 8th form the cartilaginous bats in the let, 2nd, 3rd and 4th branchial 
arches. The reader will see that if the first and last cartilage are rejected 
as having no segmental significance, the theory put forward here is 
identical with that formulated in connection with the cranial nerves. 
We are at least justified in assuming that the parachordal part of the 
skull is the oldest, and is therefore known as the paJaeocranium ; whereas 
the prechordal part is more recent and is for this reason known as the 
neoeranium [36]. Further details relating to the facial and pharyngeal 
parts of the head will be given in the following chapters. 

Gaskell’s Theory.— Gaskell regarded the trabecular or prechordal part 
of the vertebrate bead as a derivative of tbe prosoma, and the para- 
chordal part from the mesosoma of an invertebrate form such as is now 
exemplified by the Kingcrab (Limulus). The prosoma carries 7 pairs 
of appendages, which surround the mouth. The last of these represents 
the mandible, the first, the nasal processes ; the intermediate appendages 
are combined in the maxillary processes. The mesosoma carries pro- 
cesses which serve for respiration and locomotion. In vertebrates these 
are modified to form branchial arches f37]. 
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CHAPTER XIII 


DEVELOPMENT OF THE FACE 


Evolution of the Human Face. — ^In our survey of the bram-contaming 
part of the human cranium we have seen that its outstanding features 
are the result of a great cerebral development. "When, howler, we 
turn to the facial and pharyngeal parts of the skull and head, we find 
that the factors which have determined their shape are related to the 
functions of smell, respiration and of mastication. It is unnecessary to 
again insist on the fact that the human embryo, in the latter part of the 
first month, shows a resemblance to a generalized type of fish ; it pos- 
sesses the basis of a branchial arch system. As in the fish, the olfactory 
organ is represented by a pair of pits or depressions, which at first have 



Fig. 182. The Naso-Buccal Grooves of a Dog-Fish. On the right side the naso-huccal 

channel is exposed. 


no communication with the mouth. In some forms- of fish certain 
rays and sharks (Fig. 182) — a channel is formed between each olfactory 
pit and the mouth. The fimctional meaning of such a channel is eiddent . 
the water imbibed is sampled by the nose before enterhig the mouth. 
When pulmonary breathing was introduced, as in Dipnoean fishes, the 
open naso-buccal channel became enclosed by the umon of its bounding 
folds. In amphibians, reptiles and birds the naso-buccal channel 
becomes dilated to form a true respiratory nasal passage, and the parts 
bounding the passage unite on the roof of the mouth to form fhe primitive 
palate. In Fig. 183 the parts entering into the formation of the primitive 
palate are shown. They are three in number : (i) a premaxillary and 
vomerine part developed, between the nasal passages ; [ii, Hi) u right 
and left maxillary part, laid down on the. lateral or outer aspect of 
each passage. In mammals a fourth element is added to the primitive 
or reptilian palate, and in this way the mammalian mouth is separated 

23 ^ 
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from the nasal respiratory passage, and can serve the purposes of mastica- 
tion and suction. Thus in the evolution of the face there have been three 

distinct stages : (i) a piscine, in -which the nose and mouth ttctc formed 

independently ; (u) an amphibian stage, where the nasal respiratory 
passage opened on the roof of the mouth ; (t'u) a mammalian stage, in 
which it opened in the naso-phatynx. In the development of the human 
embryo we sec these three stages reproduced [1]. 

Processes which form the Face. — ^Towards the end of the “Ith. week of 
foetal life, five processes be^n to spring from the base of the primitive 
cerebral ‘capsule, which by the end of the 2nd month have completely 
united together to form the facial part of the head. In Fig. 184 a dia- 



grammatic representation is given of the condition of these five processes 
about the end of the 6th week of development. Of the five, one, the 
nasal or frontO‘naSQl, composed of symmetrical right and left halves, is 
median, and projects beneath the fore-brain ; the others are lateral, two 
on each side, the mandibular and maxillary. The cavity which these 
five processes surround is the stomodaeum, a space ultimately destined 
to form the nasal and part of the buccal ca-vities. The representatives of 
these five elements are recognizable in certain fishes (see Fig. 182). The 
part of the adult face formed by each process is shown in Fig, 185, 

Region of Face.— In reality the core of the face is formed by the 
cartilagmous capsule which encloses the organ of smell. IVe have seen 
that the olfactory capsule occupies the terminal part of the prechordal 
plate, and in primitive vertebrates forms the entire snout or face (Figs. 
160, 163). Hence the first step m the development of the human face 
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represents the upbuilding of the nasal cavities. Three stages in tliis 
process are depicted in Fig. 186. At the end of the 4th week the olfactory 
organ is exposed on each side of the fore-brain as a plaque surrounded 
by a growing raised margin or fold. The pituitary recess, opening from 
the stomodaeum (Fig. 186, A), lies in contact with the under surface of 
the fore-brain. At the end of the 6th week (B), the olfactory plaque 
has become a pocket by the upgrowth of the mesial and lateral nasal 
folds or processes, which, being united above, rise up as a hood. Below, ^ 
the olfactory pit communicates with the buccal cavity by an open naso- 
buccab channel — ^just as in the dog-fish. At the same time the maxil- 



riQ. 184. Showing the formation of the Face by the Nasal, Maxillary and Mandibular 
Processes in an Embryo of the Cth Week. (After His.) 

Fig. 185. Showing the Parts of the Face formed from the Nasal, Maxillary and Mandi- 
bular Processes. 


lary process grows forward, and applies itself to and fuses with the 
substance of the lateral nasal fold. In the 7th week (C) the maxillary 
process has come in contact and is fusing with the globular end (globular 
process) of the mesial nasal fold, and thus the naso-buccal chaimel is 
covered over and we can now speak of anterior nares and a posterior 
opening or primitive choana — at first closed by an epithelial plug (Fig- 
186, C). As the olfactory pockets enlarge they come closer together 
imder the fore-brain until the mesial folds and the tissues between them 
- form the primitive septum of the nose. Thus the nasal cavities which 
form the foundation of the face are built against the wall of the fore- 
brain and the nasal folds represent the margins of the outgrowing orifice. 

We have been looking at the process of face building as s'’"” 



237 


development of the face 

surface of the embryonic head ; in Fig. 187, sections reveal the deeper 
changes which take place in the stages depicted in Fig. 186. The nasal 



(A) 7 mm. (B) 10 mm. (C) 12 nim. 

Fia. 166. Tluce Stases la the foemsUoD of the Hassl Cevltles end Prlimtlve Palate, 
(Prof. 3. E. Frater.) 


cavities, which ate separated by a narrow septum in the adult, arc set 
widely apart in the 6th week embryo (Fig. 187, A), being separated by 



A. Of an embryo early In the 6th week ordeTelopmcnt. 

B. Late In the 6th week. 


C. Early In the 7th week. In a, C only half of the head Is depleted, 
ol/. jnl , olfactory pocket or cavity ; mesial nasal process ; LHP., lateral 

nasal process ; M<u. vr , maxiOary process ; J.O , epithelium destined for 
Jacobson s organ ; SJED. FL^ medullary pUto of fore-brain. 


a fiat field or process, theyron{o*nasaI. At each side of this field there 
rise up two minor processes, the mesial nasal, enclosing the olfactory 
pocket on its inner side (Fig. 187, M.N.P.). At the outer side of each 
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represents the upbuilding of the nasal cavities. Three stages in this 
process are depicted, in Fig. 186. At the end of the 4th week the olfactory 
organ is exposed on each side of the fore-brain as a plaque surroimded 
by a growing raised margin or fold. The pituitary recess, opening from 
the stomodaeum (Fig. 186, A), lies in contact with the imder surface of 
the fore-brain. At the end of the 6th w'eek ( B), the olfactory plaque 
has become a pocket by the upgroui;h of the mesial and lateral nasal 
folds or processes, which, being muted above, rise up as a hood. Below, 
the olfactory pit communicates with the buccal cavity by an open naso- 
buccal channel — ^just as in the dog-fish. At the same time the maxil- 



FlG. 184. Showing the formation of the Face by tlie Nasal, Maxillary and Mandibular 
Processes in an Embryo of the Cth Week. (After His.) 

FiQ. 185. Showing the Parts of the Face formed from the Nasal, Maxillary and Mandi- 
bular Processes. 


lary process grows forward, and applies itself to and fuses with the 
substance of the lateral nasal fold. In the 7th week (0) the maxillary 
process has come in contact and is fusing with the globular end (globular 
process) of the mesial nasal fold, and thus the naso-buccal channel is 
covered over and we can now speak of anterior nares and a posterior 
opening or primitive choana — at first closed by an epithelial plug (Fig- 
186, G). As the olfactory pockets enlarge they come closer together 
under the fore-brain tmtil the mesial folds and the tissues between them 
- form the primitive septum of the nose. Thus the nasal cavities which 
form the foundation of the face are binlt against the wall of the fore- 
brain and the nasal folds represent the margins of the outgrowing orifice. 

We have been looking at the process of face building as seen on the 



FIO. 189. 

Fio 189. Face of a 

Body and the left . 
(A.R« Klcchraavct.) 

Tlfl. 


Child »hQwln? the left Nasal Pieces* and Pocket as a free Polypoid 
left JfaslUary Process ununiled Vlth the Mesial Nasal (leftliai* lip). 


DSiai 

llaiy 


over-development of the nasal and under-development of the mandibular 
(micrognathia) are of common occurrence. 

The cleft in the lip of the hare is exactly in the middle line, and separates 



Fio. 191 FIQ. 192. 

Fio. 191 Medlaa Haie Up la a Child leith PaiUal Cl«a PslaU and Ectopia of the 
intultaiy. OBr A. k. ' psieedle’s case ) 

FiQ 102 Median Cleft ortttel.oirei Upand Ja\r. {llaeCormlck's case.) 

the right from the left maxillary process, the mesial nasal being much 
reduced and buried in the cleft. The upper lip and septum of the nose 
may be cleft in the mid-hne. This is due to a failure in the approxi- 
mation of the mesial nasal processes. In the case shovm in Fig. 191, 
there was a partial cleft of the palate, and the pituitary body formed a 
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pocket there is also rising another enclosing process or fold, the lateral 
nasal {L.N.P.). A few days later (Fig, 187, B) the maxillary process has 
grown against and united with the two nasal processes, thus completing 
the wall of the nasal pocket. Early in the 7th week (Fig, 187, C) the 
three processes are seen to be more widely united. The olfactory cavity 
is now deeply embedded ; the inter-olfactory or septal field becomes 
relatively narrower and its distal or buccal end is carried further and 
further from the brain cavity. By the end of the 7th week (Fig. 188, A) 
anterior nares and septum become recognizable. 

Upper Lip. — ^The account given here of the formation of the upper 
lip is based on Prof, J. E. Frazer’s investigations, Figs. 188, A, B, being 
borrowed from him. It mil be observed that the right and left maxillary 
processes, after coming in contact with the terminal ends of the mesial 
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Eye 
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FIG. 188. 

A. The Upper Lip in the 6th week. 

JO. Tlie Upper Lip in the 7th week. (After Frazer.) 


nasal processes (Fig. 188, A), proceed to invade and overwhelm them, 
so that idtimately the maxillary processes meet in the median groove or 
philtrum of the upper lip. The muscular and vascular tissues of the 
upper lip are carried to the mid-line by the invasive maxillary tissues 
Malformations of the Face. — ^These processes may fail to unite in the 
2nd month, and in this manner malformations of the face are pro- 
duced [3]. The most common anomaly is a partial failure of the nasa 
and inaxillary processes to fuse, various degrees of hare lip and clep 
palate being thus caused. In hare lip the cleft appears in the upper hp 
between the maxillary elements and also between the maxillary and the 
mesial nasal. In cleji palate the failure of union occurs between the 
deep parts of the mesial nasal and maxillary processes (Fig, 183). The 
lateral or the mesial parts of the nasal process may fail to fuse with the 
maxillary processes, and appear on the face as polypoid or irregular 
projections separated- by deep clefts (Figs. 189, 190). Or the nasal 
processes may be absent and then the right and left maxillary processes 
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facial processes fails to take place, then subsequent growth tends to 
move the processes apart, and union becomes impossible. The cleft 
in the lip or palate increases in width as the foetus becomes older. The 
tongue lies between the maxillary plates (Fig. 194), a normal position 
during the 2nd month. It is extruded as the palate is formed, the 
extrusion being made possible by the rapid growth of the mandibular 
and maxillary processes in. the earlier part of the 3rd month [3]. 

Structures formed in the Mesial N^al Processes.— We have already 
seen that the mesial nasal processes, which represent the inner walls of 
the nasal pockets or cavities, grow out from the hase of the fore-craiuum, 
and when they coalesce to become the primitive septum of the nose, the 
cartilage formed in their united substance represents a direct forward 
continuation of the trabecular plate. From the united substance of 



- liiemosnia 
mesial port, of upper Up. 

FlQ. 195. Shovrlns the itructuita fomed la the MesUI Kual Frocesats Ool; part of 
the premaxlUatr and a burled part of the upper Up are formed In the mesial 
processes 

the mesial nasal processes ate formed the septum of the nose (Fig. 195), 
the medial element of the premaxillary part of the palate, and the 
frenum and buried median part of the upper lip (Figs. 184, 185, 188). 
Fart of the cartilage of the septum remains unchanged as the seplol 
cartilage (Fig. 195). In the septal wall are also developed the mesial 
limbs of the ahr cartilages, which give form to the anterior nares. One 
element is added to the lower anterior part of the septum— just above 
the opening of the naso-palatine canal— the parascptal cartilages (Fig. 
183), which primarily serve for the protection of an isolated area of the 
olfactory membrane—Jacohson’s orgon— reduced to a mere vestige in 
man (Fig, 187, ^4). In Fig. 186, C, it will be observed that the lateral 
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tumoui'like mass wtliin tlic septum of tLe nose. A median cleft in the 
lower lip is also rare, and is due to a failure in the union of the right and 
left mandibular processes of the lower jaw, which should unite in the 6th 
week (Fig. 192). Sometimes children are born with two noses— a right 
and a left, each with two narial openings. The chin and the tongue 
may be duplicated. Another remarkable condition, cyclopia, is shoTOi 
in Figs, 201, 242, where the nasal processes have united together to form 
a single proboscis-lilre structure projecting above the eyes, these being 
partly fused. In this condition the palate and upper lip are formed 
by the union of the maxillary processes. The result illustrates how 
adaptable the various embryological parts of the face are. Cyclopia 



Fia. 193. Coronal section of the Head of a Human Embryo in the Cth week of develop- 
ment and 14 mm. long. (After J. L. Paulet.) 

Fig. 194. Similar section of the same Embryo further back, showing the Tongue in the 

Palatal Cleft. (J. L. Paulet.) 

assumes many forms and as abeady mentioned (p. 71) is the result of 
damage done to the cranial part of the medullary plates in their earliest 
development [5]. 

Method of Fusion. — The manner in which embryological parts unite is 
similar in nature to the healing of wounds. Fig. 193 represents a coronal 
section of the head of a human embryo, in which the mesial nasal process 
containing the germinal epithelium of the upper incisor teeth is about to 
unite with the maxillary. The ectodermal coverings of the processes are 
in contact. Across the epithelial union thus formed the mesodermal 
tissue spreads, the two processes thus becoming intimately united. We 
know that the process of healing may be arrested by many pathological 
conditions ; the process of embryological union also may be arrested, 
but the exact causes of the arrest we do not yet know. If union of the 
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canines be^n to develop they fuse witb the marillae. The premaxilla 
is more reduced in man than in any other primate ; in him it is partly 
fused with and overlapped by the maxilla almost from the first appear- 
ance of their centres of ossification ; in apes fusion does not occur until 
the eruption of the permanent teeth. The vestigial character of the 
premaxilla in man is due to the reduced size of his masticatory apparatus 
and the consequent retrogression in the development of the facial part 
of the skull. The reduction of the premaxillary element alters the sill 
of the nasal aperture [7]. 

Since the preparation of the last edition (1933), publications by Prof. 
Wood-Jones and his pupils and by Prof. Ashley-SIontagu compel me to 




alter my acco\mt of the formation of the premaxilla [8]. As readers 
learn at a glance from Fig. 207 (p. 251) I then held the accepted opinion 
that this bone arose as one piece within the mesial nasal process. As 
^Wll be seen from Fig. 199, A, the premaxilla is made up of two elements, 
a mesial element (premax. 6.}, which is finely stippled in Fig. 199,^, and 
is seen to lie between the alveoli for the incisor teeth and the naso- 
palatine canals. The other or lateral clement (pre-max. a.) forms the 
outer wall of the incisive alveoli and all the bone lying between these 
alveoli and the narial sill. This second or lateral clement of the pre- 
raaxilla is derived from the mesoderm of the maxillary process and is 
added to the mesial element when the maxillary process becomes joined 
to the mesial nasal in the Gth week. The lateral element carries its own 
nen.’e and blood supply from the maxillary process. The artery and 
accompanying ner.*e descend, as Prof. 'Wood-Jones has vividly 
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nasal process also fuses Avith tlie mesial ; the paraseptal cartilages are 
derived from the lateral nasal processes (Fawcett), 

The vomer is developed in the membrane (perichondrium) which covers 
the primitive septum (Fig. 204). A centre of ossification appears at 
the end of the 2nd month on each side near the lower border of the 
septmn ; these fuse together under the palatal margin of the cartilage. 
Thus the vomer forms at first a shallow trough in which the cartilage of • 
the septum appears to be implanted (Fig. 196). At its anterior end a 
cartilaginous element comes to be included — a derivative of the anterior 
paraseptal cartilages (Fawcett). 

The Vertical Plate of the Ethmoid is formed by a direct ossification 
of the cartilage of the primitive septum. Ossification begins in the 4th 
month. The crista galli, the intra-cranial part of the septum, is forme 
in part by ossification proceeding into the attachment of the falx cerebri. 


trough for cartilaginous 
F septum. 

nght plate 

left plate 


Fig. 190, Showing the Trough-shaped Vomer of the newly bom. 



Premaxillary Bones. — The right and left premaxillary bones ca^ 
the four upper incisor teeth. At birth the suture between the prema 
and maxilla can be seen on the hard palate ; it runs on each side om 
the naso-palatine foramen to the alveolus between the lateral mc^or 
and canine (Fig. 198). As is shown in that illustration, the relations p 
of this suture to the tooth sockets is variable, but the relationship jus 
mentioned is the usual one. On the facial aspect, the suture 
the premaxilla and rnaxilla disappears very soon after separate cen re 
of ossification have appeared for these two bones. The centres appea 
late in the 7th week, the maxillary centres precedmg those for e 
premaxillae. The nasal spine is-formed by the premaxillae. ^ 

or septal processes of the premaxillae represent the prevomers wmc are 
seen as distinct bones in the primitive palate of amphibia. Brof. 
found that these processes have separate centres of ossification in man 1 J- 
In mammals generally the premaxillae are highly developed, separa e 
throughout their whole extent by a suture from the maxillae, and orm 
the snout part of the face. In the higher Primates the face becomes ess 
elongated, less prognathous, or projecting, and the premaxillae ess 
developed. In the orang, for instance, the premaxillary sutures ar 
distinctly seen on the face at birth (Fig. 197), but as the permanen 
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maxillary and premaxillary parts of the upper jaw. Tins suture 
disappears prematurely in the human maxilla because of two circum- 
stances : the maxilla and premaxilla serve as a functional whole ; in 
the widening of the nasal aperture new bone is deposited on the facial 
aspect of the bone, while absorption is taking place on its nasal aspect. 
Hence the premaxillary boundary is preserved longer on the mesial 
than on the lateral aspect of the bone (Fig. 200, B). 

Relationship oi the PremaxUla to Cleit Palate. — It is usual for the sockets 
of all four incisor teeth to be formed in the premaxilla (Figs. 197, 207). 
In many cases of cleft palate only the two central incisors are situated on 



B Mesial aspect of the UaslUa of a foB-Ume Mesro Foetus in which the suture } 
leparaUug the premaxlUa Is onuauaUy well preserved t Ashley Montagu ) 
n4 , nasal spine ; s<p( , septal process of premaxUJa ; s*, alveolus for Ist IsclsoT ; 
for 2nd ; c, for canine ; m', for 1st mlllc molar ; n p , naso-polatlne opening ; 
pot., palate , t> d., usal duct; n b.. nasal border. 

the premaxilla, the sockets of the lateral incisors being attached to the 
maxilla. Even in the normal palate (Fig. 198) this may be the case. 
Cleft palate is due not to a failure of ossific centres to join but to a non- 
union of two embryological masses— the mesial nasal and maxillary. 
The germ or bud of the lateral incisor is formed at the point of union of 
the mesial nasal and masllary processes. If these processes fail to join, 
the bud of the lateral incisor, as the processes move apart durin^^ subse- 
quent growth, may be carried away by the maxillary or premaxillary 
element, or, as I have seen, be left stranded in the cleft between the 
processes. If the lateral incisor remains attached to the maxillary 
process, then its socket is formed by that element ; if by the premaxillary, 
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described [9], in a canal on the nasal aspect of the ascending process of 
the maxilla, until the narial sill is reached, where the. main termination 
crosses to the nasal septum, while branches are sent to furnish the upper 
incisors with arteries and nerves (the anterior dental). Evidence in 
support of the dual origin of the premaxilla is furnished by two kinds of 
malformation. There is first that in which the maxillary process fails 
to reach and fuse with the mesial nasal process (Fig. 202) ; here the 
incisor teeth are destitute of their arteries and nerves and are usually 
excised by the surgeon when he seeks to restore the palate. Then there 



max. paf. 

A B 


Fig. 199. 

A. Half of the Palate of a Foetus in the 6th month of development to show the two 

elements concerned in the formation of the preroaxilia. The area (finely 
lying between the incisive alveoli and the naso-palatinc opening (pretax. P-i 
formed in, and derived from, the mesial nasal process; but .the part (coa^iy 
stippled) which forms the anterior waU of the incisive alveoli and all the none 
between these alveoU and the narial opening is derived from the maxillary process 
(pre-max. a.). The rest of the palate, formed by the maxilla, is coarsely stippieu. 
(After O. Xorberg.) 

i^, alveolus for 1st incisor ; ah'eolus for 2nd incisor ; c, for canine ; m?-, Ist milk 
molar ; 2nd milk molar ; • nas. pal., opening of naso-palatine canals ; mas. pm., . 

maxillary palate. 

B. Facial aspect of an adult skull to Illustrate the submergence of the 

maxillary overgrowth as postulated by Prof. Wood-Jones. The mmoUaW area 
is stippled. The arrows show the direction of the overgrowth. (E. H. jonnsou.j 

is tbe other kind of malformation, of which two cases have been reported 
by Prof. Derry [10], where the mesial element has faded to form, but the 
maxillary or lateral element has been developed, meeting the other 
maxillary element in the mid-line and forming a floor for the nasa 
opening. The dual composition of the premaxilla holds true for at 
primates ; it is not confined to man. Indeed, the greater part of the 
primate premaxilla is derived from the substance of the maxillary 
process [11]. 

In Fig. 200, A, is reproduced a drawing of an exceptional foetal human 
maxilla, which, at the 6th month preserves the suture between the 
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maxillary and premaxillary parts of the upper jaw. This suture 
disappears prematurely in the human maxiila because of two circum- 
stances : the maxilla and premaxilla sen'e as a functional whole ; in 
the widening of the nasal aperture new hone is deposited on the facial 
aspect of the bone, while absorption is taking place on its nasal aspect. 
Hence the premaxillary boundary is presen-ed longer on the mesial 
than on the lateral aspect of the bone (Fig. 200, B). 

Relationship of the Premaxilla to Clef t Palate.— It is usual for the sockets 
of all four incisor teeth to be formed in the premaxilla (Figs. 197, 207). 
In many cases of cleft palate only the two central incisors are situated on 



FlO.200. 

A. L&Uiftl >ap«ct of Ibe U&xUU of & 9 mooths Fo«tua la whicli th« Butute (SuC.l 

leparftUag the premulUa b ttUI evident. (Felber.) 

B. Mesial aipect of the UaxlUa of * fuD-time Kesro Foetiu in which the Buttue (Sui.) 

leparatlns the premaxIUa la uonsoallf well preaerred. (Aahlef Moata^ ) 
n t , nasal spine ; tepl., septal process of premaxlUa ; alveolus for lat Incisor , 

O, for 2nd; r. for canine; m>, for 1st milk tnolar; rt p , naso'palatine opealos ; 
pal , palate ; n d., nasal duct ; , nasal border. 

the premaxilla, the sockets of the lateral incisors being attached to the 
maxilla. Even in the normal palate (Fig. 198) this may be the case. 
Cleft palate is due not to a failure of ossific centres to join but to a non- 
union of two embryological masses — the mesial nasal and maxillary. 
The germ or bud of the lateral incisor is formed at the point of union of 
the mesial nasal and maxillary processes. If these processes fail to join, 
the hud of the lateral incisor, as the processes move apart during subse- 
quent growth, may be carried away by the maxillary or premaxillary 
element, or, as I have seen, be left stranded in. the cleft between the 
processes. If the lateral incisor remains attached to the maxillary 
process, then its socket is formed by that element ; if by the premaxillary, 
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then the cleft appears in the more usual situation, and the socket forms 
part of the premaxilla. The late Mr. Clement Lucas observed that the 
lateral incisor is often small or even absent in families subject to cleft 
palate. 

Naso-palatine Forameni — ^The naso-palatine foramina are formed 
where the mesial nasal and two maxillary processes unite to form the 
palate (Eig. 207). In animals with well-developed premaxillae the two 
naso-palatine (anterior palatine) foramina are large, and through each 
passes the naso-palatine duct, which allows a communication between 
the buccal and nasal ca\nties. It is tempting to think that the odour of 
the ‘food within the mouth may thus reach the organ of Jacobson, which 



FlQ. 201. FIQ. 202. 

Fio. 201. Facial part of the Skull of a Cyclops Foetus, in which the nasal process^ 
formed a free proboscis, the eyes a median structure and the maxillary processes- 
the palate. A, orbital plates of frontal ; JS, fused optic foramina ; C, ortital piai« 
of sphenoid ; C^, basi-sphenoid ; E, orbital plate of maxilla ; F, ear ; G, supenor 
maxilla ; C, canine ; 1st miik molar. 

Fig, 202. Case of Cleft Palate, in vrliich the maxUlary and premaxillary processes have 
remained ununited on the left side. A, septal process of the inner or 
element of the premaxilla ; B, nasal septum ; C, canine ; D, palatal pr^ess oi 
premaxilla; J?, palatal process of maxilla. The left lateral incisor was absent. 

is situated on the septum, close to the nasal orifice of the duct, hut the 
evidence goes against such a supposition [12]. In man the upper ends 
of the ducts remain open ; they terminate blindly below, behind the 
mesial incisor teeth, in the naso-palatine or incisive papilla. 

Nasal Duct. — The lachrymal sac and nasal duct, through which tears 
pass from the eye to the inferior meatus of the nasal cavity, are formed 
between the lateral nasal and maxillary processes (Figs. 185, 186, 190). 
At the end of the 6th week, when the furrow between the maxillary and 
nasal processes is obliterated, the nasal ox naso-lachrymal duct is repre- 
sented by a solid bud or core of ectoderm embedded at the inner angle o 
the eye and in the site of the upper part of the naso-maxillary groove or 
fissure. This bud becomes cord-like, one extremity growing towards 
the nasal cavity, which it reaches at the beginning of the 3rd month, 
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while the orbital extremity expands to form the lachrymal sac. The 
canalicuUzation of the duct begins in the 3rd month, but is not complete 
until late in foetal life. In Fig. 190 the lateral nasal and maxillary 
processes have not fused \ the eye is separated from the nasal cavity 
by two folds ; the outer represents the semilunar fold, the inner a fold 
in which the lachrymal canaliculi and caruncula lachrymalis arc 
formed [13]. 

Structures formed in the Lateral Nasal Process. — The lateral nasal 
process is developed to form the outer wall and roof of the chamber 
containing the olfactory organ. Within it develops a plate of cartilage 



Fia. 203. showing the ttnictuKe fonned In the Lateral Nasal Processes 

which represents the greater part of the cartilaginous olfactory capsule 
of lower vertebrates. In the human embryo the process of chondrifica- 
tion begins near its lower border and spreads up towards tbe roof 
(Frazer), where it joins the upper edge of the septal cartilage, developed 
in the united mesial nasal processes, and also spreads backwards to enfold 
the hinder part of the olfactory chamber and to become continuous wth 
the presphenoid part of the trabecular plate. The cribriform area is 
the last to be formed (see Figs. 174, A, B, p. 221). In front, the lower 
border of the lateral nasal process joins the septal process, adding to it 
the parascptal cartilage (p. 241). 

The Cartilage of the Lateral Nasal Process (Fig. 203) forms : 

(0 The cribriform plate around the olfactory ner\'es as they issue from 
the olfactory bulb ; 
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(n) The lateral mass of the ethmoid, at first merely a plate of cartilage ; 
the superior and middle turbinate processes are developed from the plate 
(Fig. 204) ; ossific centres appear in the cartilage of the lateral mass and 
turbinate processes during the 4th month of foetal life ; 

(in) The inferior turbinate bone (Fig. 204) (maxiUo-turbinal). The 
body of the superior maxilla is developed on its outer side in the maxillary 
process (Fig. 204) ; 

(iv) The lateral and part of the alar cartilages of the nose (Fig. 203) ; 

(v) In the membrane over the cartilage, between the ethmoid behind 
and the cartilages of the nares in front, are developed the lachrymal and 
nasal bones, and the ascending processes of the superior maxilla and 



premaxilla. The cartilage beneath these bones disappears after birth. 
Ossification of the nasal bone appears at the beginning of the 3rd month , 
the centre for the lachrymal appears late — at the beginning of the 4tn 
month (Mall). 

Arteries and Nerves of the Nasal Processes.— 

development of the face assists one to unravel the 
tion of its arteries and nerves. Each process carri 
nerves. 

1. Mesial Nasal Process. The chief artery and nerve of this process 
are the naso-palatine, but branches also come from the nasal nerve an 
its accompanying artery, the anterior ethmoidal. . 

2. Lateral Nasal Process. The nerves of the lateral nasal process are 
derived from Meckel’s ganglion and from the descending palatine nerve. 


A knowledge of the 
complicated distribu- 
es its own vessels and 
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Vessels accompany these nerves from the descending palatine artery. 
The nasal nerve and anterior ethmoidal artery supply the process in 
front. 

Visceral Mesoderm. — ^The nasal processes spring directly from the 
cranial capsule and the mesoderm which makes up their substance is 
derived therefrom (Fig. 187, p. 237). We now pass to consider parts of 
the face derived from two other processes— the maxillary and mandibular. 
Their mesoderm is of a different origin : they belong to the visceral arch 
series/, their mesoderm is visceral in origin (see p. 229). The maxillary 
and mandibular processes carry mesoderm of this origin into the 
composition of the face [14]. 

Parts formed from each Maxillary Process. — The maxillary process 


m/V brain 



posterior nares 
j 'roof of pharynx 
septai part. mes. nas. proc. 


.cerebral vesicle 

anterior nares 
upper Up. 
eye 

■premax. 

upper lip. max. proc. 
alveolus max. proc. 
patat proc 
max. prve. (section) 

inner recess ht cleft. 
~ (Eustach. tube) 


no SOS Showlns the ingrowth of the PaUtal PlaUs of the two MaxUUrr Prooeaies 
at the end of the 6th week The openings Indicated as '* posterior nares ” are the 
primitive posterior nares or choanae (After KoUmann ) 


springs from the base of the mandibular process at the end of the 4th 
week of development, and sweeping forwards below the eye, separates 
that structure from the mouth (see Figs 60, 61, 185). In front it comes 
in contact and fuses with the lateral nasal process, which it assists to 
form the outer wall and floor of the mwal cavity, and, in the 7th week 
with the globular enlargements of the mesial nasal process. The maxil- 
lary processes also proride the mesoderm of the lateral element of the 
premaxi!!a and also that which invades and gives substance to the upper 
Up. The part of the face formed by the maxillary process is shown in 
Fig. 1 85. The hard palate (with the exception of the premaxillary part) 
is formed by a palatal plate which begins to grow inwards from the maxi]- 
lary process in the 6th week (Fig. 205) and fuses xrith the plate of the 
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opposite side about tlie lOtli week [15]. Tlie palatal processes separate 
the buccal from the nasal cavities, forming the roof of the one and the 
floor of the other. Tlie palatal plates meet first with the premaxillary 
part (Fig. 206) ; beliind that they come in contact mth each other ; 
the process of fusion spreads backwards, and before the end of the 3rd 
month the hard and soft palates form a complete naso-buccal septum. 

Cleft Palate [3], — To imdcrstand the manner in which the various 
forms of clefts arise in the palate it is necessary to note the manner m 
which the septum of the nose grows and the fate of the primitive po&tenor 
nares or choanae. At the end of the 6th week (Fig. 205) the nasal 
septum is seen to be relatively short and wde and to form the mesial 
borders of the primitive choanae. By the 9th week (Fig. 206) the septum 


primitive palate ant. mares 

\ INF.TURB.PPOC. / NAS. PAL 


PALATAL FOLD 
SEPTUM 


AUyeOLAR PftOC. 
FA L . FOLD 



PRIM. NARES 


'uvula 

EUSTACH. 





PAL.PHAP • 


(A) 

Fig. 206. Development of the Maxillary Palate. A, stage reached 9th 

schematic figure to illustrate the manner in wliich the maxillary folds are app 
to the nasal septum. (Prof. Frazer.) 


has grown greatly in length, pushing the primitive palate forwards away 
from the base of the skull, and thus presenting a long posterior or pa a ^ 
border which still forms the mesial edges of the primitive choanae , ® 

choanae still extend from the primitive palate to the sphenoidal en o 
the septum. The dorsum of the foetal tongue lies against the lower or 
free margin of the septum with the palatal folds tucked under its 
margins (Fig. 194) rmtil the 9th week, when the forward growth o ® 
primitive palate lifts the nasal septum off the dorsum of the tongue an 
allows the palatal folds to come in contact with each other and witk to 
lower margin of the septum. The manner in which the palatal fo s 
are applied to the septum is shown in Fig. 206, E ; by a process 
the heahng of wounds the palatal folds unite with each other and wi 
the palatal border of the septum. The process begins at the pte 
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maxillary end and passes backwards, but the posterior part of the 
septum is left free to form the partition between the permanent posterior 
nares. Thus in the formation of the palate a Y-shaped cleft has to be 
united ; the short limbs lie on each side of the premaxilla in the primitive 
palate, the long limb in the nnddle line of the permanent or mammalian 
palate. All three parts may remain ununited, as in Fig. 190, or the long 
limb with one short, as in Fig. 202, or only the long limb, as in Fig. 183. 
Further, it sometimes happens that one or both primitive choahae are 
closed permanently by the plug of epithelium, which temporarily occludes 
them, becoming organized and forming membrane or bone. As the 
septum and choanae expand this occluding membrane or partition, if 
it persists, is stretched and gives rise to atresia of the posterior nares. 


premaxiila 



FiO 207. The Hard Palate at Birth, lllustratioe the discarded mcw that the rrhole of 
the prenmlUary area was formed in the mesial nasal process (Compare rdth 
Fig 100 1 

The wde gap and bent septum seen in nearly all cases of cleft palate are 
due to changes produced by growth in the later months of foetal life. 
An asymmetrical growth is a result of the failure in the union of the 
processes (sec note [3]). 

Soft Palate. — VTiile the hard palate is derived from the palatal plates 
of the maxillary processes, the soft palate (Fig. 206, A) is derived from a 
fold which arises as a prolongation backwards of each horizontal plate 
into the pharynx [10]. Into the palatal folds spread derivatives of the 
superior constrictor to form the palato-pharyngeus, palato-glossus and 
azygos UNOilae, and possibly also the levator palati. The posterior 
pillars of the fauces are continuations of the palatal folds within the 
pharynx. A dirided uvula represents a failure of the final stage in the 
formation of the palate. 

Bones formed in each Maxillary Process.— The zygomatic process of 
the temporal, the malar, the lateral element of the premaxilla, and the 
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greater part of tlie superior maxillary are formed directly m the con- 
nective tissue wthin the process. They are membrane-formed or 
dermal bones. The centres for the maxilla appear at the beginning of 
the 7th week in the parts of the process which lie above the alveolar 
margin and imder the eye. Very soon, after the various processes of 
the face are fully united, an extension passes upwards over the lateral 
nasal cartilage towards the frontal bone (frontal process) ; the orbital, 
alveolar, and palatal processes are later extensions from the two original 
centres of ossification. 

Palato-Quadrate Bar. — The substance of the maxillary process not 
only spreads forwards into the face but sends upwards an extension on 
the side of the head. In this temporal extension is developed the 
squamous part of the temporal bone and also the muscles of mastica- 


HYOMANOm. CART 



tion [17]. In lower vertebrates the maxillary process is supported by a 
skeletal bar of cartilage known as the palato-quadrate bar, because i 
stretches from the palate to the quadrate bone ; it springs from the ase 
of the mandibular arch (Fig. 208). Although in the human embryo t 
cartilaginous bar is at no time clearly differentiated (Fawcett), there can 
be no doubt that two bones have arisen in connection with it ^name y 
the palate and internal pterygoid (Fig. 209). The internal pterygoi 
plate — ^the first part of the sphenoid to ossify — ^is formed early in ^ 
month in membranous tissue which overlies the position of the nn^ ® 
part of the bar, while the vertical plate of the palate is develope in 
membrane over its more anterior part. Ossification extends to the hon 
zontal plate, within the horizontal plate of the maxillary process, at t e 
end of the 2nd month. The great wing of the sphenoid is also a deriva e 

of this bar (p. 221). , j i j wii-hiQ 

The mandibular process has also a cartilaginous bar developea wi^^^ 
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it known as MecheVs cartilage. Thus each of the processes which grow 
out to form the face has a basis of cartilage, but while the cartilages 
within the nasal processes are continuous with the base of the skull, 
the cartilage within the maxillary process comes in contact by its 
posterior extremity with SleckeTs cartilage (Fig. 208). The quadrate 
bone, which is well seen as a separate element in birds and reptiles, forms 
a movable base on which the lower jaw articulates. This form of joint 
gives birds and reptiles an easy faculty of swallowing unmasticated food. 
With the development of grinding and chewing teeth in the very early 
ancestry of mammals a more stable form of temporo-mandibular articula- 
tion was evolved, the mandible durii^ the change coming to articulate 
with the temporal bone, thus leaving the upper end of "Meckel’s cartilage 



and the quadrate free to be utilized as the malleus and incus by the organ 
of hearing flSj. 

The simplest condition of the cartilages of the maxillary and mandi- 
bular processes is seen in certain fishes. In the common base of these 
two processes, there is developed a cartilage which binds the basal ends 
of the palato-quadrate bar and Meckel’s cartilage to the skull (Fig. 208). 
The cartilage of the hyoid arch is also bound to it, and hence it is known 
as the hyo-mandibular cartilage. 

Nerves and Arteries ol the Maxillary Process. — ^A knowledge of the 
manner in which the maxillary process is developed explains the dis- 
tribution and course of its arteries and nerves. The second division of 
the 5th, represented by the infra-orbital, descending palatine, pterygo- 
palatine, and Vidian nerves, forms its nerve supply. Nerves and vessels 
are canied to the upper incisors and their alveoli by the lateral pre- 
maxillary element. The main artery is the internal maxillary. The 
temporal artery supplies the temporal extension. It is probably in 
connection with this extension that a very strange thing happens in 
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greater part of tlie superior maxillary are formed directly in the con- 
nective tissue %vitliin the process. They are membrane-formed or 
dermal bones. The centres for the maxilla appear at the beginning of 
the 7th week in the parts of the process which lie above the alveolar 
margin and under the eye. Very soon, after the various processes of 
the face are fully imited, an extension passes upwards over the lateral 
nasal cartilage towards the frontal bone (frontal process) ; the orbital, 
alveolar, and palatal processes are later extensions from the two original 
centres of ossification. 

Palato-Quadrate Bar. — The substance of the maxillary process not 
only spreads forwards into the face but sends upwards an extension on 
the side of the head. In this temporal extension is developed the 
squamous part of the temporal bone and also the muscles of mastica- 
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Fig. 208. The CartUagcs in the Nasal, Maxillary, Mandibular and Hyoid Processes 

of a Shark. 


tion [17]. In lower vertebrates the maxillary process is supported by a 
skeletal bar of cartilage known as the palato-quadrate bar, because it 
stretches from the palate to the quadrate bone ; it springs from the base 
of the mandibular arch (Fig. 208). Although in the human embryo this 
cartilaginous bar is at no time clearly differentiated (Fawcett), there can 
be no doubt that two bones have arisen in connection with it — ^namely 
the palate and internal pterygoid (Fig. 209). The internal pterygoid 
plate — ^the first part of the sphenoid to ossify — ^is formed early in the Srd 
month in membranous tissue which overhes the position of the middle 
part of the bar, while the vertical plate of the palate is developed in 
membrane over its more anterior part. Ossification extends to the hori- 
zontal plate, within the horizontal plate of the maxillary process, at the 
end of the 2nd month. The great wing of the sphenoid is also a derivate 
of this bar (p. 221), 

The mandibular process has also a cartilaginous bar developed witnin 
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separated from the mouth by the canine and molar tooth sacs. The 
maxilla rests on the outer aspect of the lateral nasal process, and to some 
extent assists that process to form the outer ■wall of the nasal cavity 
(Fig. 204). In the 3rd month of foetal life the mucous membrane in 
the middle meatus begins to bud outwards, presses before it and bursts 



no, 210. Coronal ««ctlon of the Naaal Cavities of * newly bom Child, showing the 
development of the tdatus eemilanaTie and alt sinuses. 


throi^h the lateral nasal plate of cartilage and begins to distend the 
maxillary process. On the growing margin of the bud are processes 
which appear to be glandular in nature [21]. At birth the sinus is only 
a shallow recess on the outer wall of the middle meatus, above the germ 
of the first milk molar (Fig. 210). It continues to grow until the 26th 



year, and js the only one of the air sinuses developed from the nasal 
cavity wbich is more than a rudiment at the time of birth. In the years 
of adolescence the sinus e.\pands until it inflates the maxillary part of 
the malar (os zygomatici). As it expands backwards the posterior 
bonier of the maxilla, which cont.ains the buds of the permanent molar 
teeth, undergoes a rotation downwards, so that what was situated on 
the posterior border comes to be situated on the alveolar border (Fig. 211). 
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the scalp of the foetus during the 3rd month of development. A close 
network of capillaries spreads upwards in the scalp on each side of tlie 
head until the invading networks meet in the mid-line of the crown. 
Greig has reported cases in which the vascular networks have failed to 
reach the mid-line, leaving bald cicatricial-looldng patches [19]. 

Formation of Foramina and Canals in Bone. — ^The development of 
canals and foramina in the bones of the maxillary process illustrates the 
manner in which these are formed in the skull generally. Many foramina^ 
and canals occur between elements which unite in the course of develop- 
ment (see p. 223). The Vidian nerve lies between the internal pterygoid 
plate (a separate bone) and the external pterygoid, a plate which is 
formed in the maxillary process as a prolongation of the -great wing of 
the sphenoid. The pterygo-palatine canal is situated between the 
pterygoid and palatal parts of the palato-quadrate bar. The descending 
palatine nerve lies between the palate bone and superior maxilla. These 
are canals formed between different elements. The infra-orbital nerve 
at first passes forwards in a groove on the orbital aspect of the superior 
maxilla, but in the later months of foetal life, upgrowths from the 
orbital centre of ossification of the maxilla meet over the nerve and 


convert the groove into a canal. 

The foramen rotundum and foramen ovale are at first notches on the 
edge of the great wing of the sphenoid, but in the course of foetal gro^h 
the notches are converted into foramina. Hence wherever a nerve 
foramen or canal is found one may conclude that it marks the junction 


of two elements, originally distinct, or that it is originally a groove or 
notch on the edge of the bone (Bland-Sutton). The foramina for nerves 
in the malar bone appear to be exceptions to this rule. Only one centre 
appears for the ossification of this bone (7th week), and the nerves 
evidently become involved during the ossification of the membranous 
basis. The malar bone is occasionally ossified from two centres whic 
may fail to unite ; the bone is then divided by a suture passing from the 
orbit to the temporal fossa. A divided malar occurs rather more f^ 
quently in Japanese and other Mongolian skulls, hence the name of Os 


Japonicum. 

Palatal Rugae [20]. — ^In all orders of mammals the mucous membrane 
on the hard palate is ridged transversely ; three or four of these trans- 
verse ridges are seen on each side of the palate of the newly born child , 
they tend to disappear in the adult. Food is triturated between them 
and the rough papillae on the palatal aspect of the tongue. Their 
disappearance in man is probably due to the soft nature of his food. 

Tvravillar y Sinus . — It will be seen from Fig. 210 that the maxilla at 
birth forms a plate of bone is the floor of the orbit, this plate being 
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209). The 3r4 division of the Vth is its necve, but its artery, the first 
aortic arch, has only a transient existaice, although the inferior dental 
may represent part of it. 

Development and Ossification oi ihe Lower Jaw [24]. — ^In Fig. 213, 
which represents the condition of the human mandible at the beginning 
of the 4th month, the primitive cartilaginous skeleton of the mandibular 
arch can still he followed from the ^mphysis to the tympanum. Only 
one part of the cartilage takes a direct share in the formation of the man- 
^ble— that part which lies near the symphysis and assists to form the 
section of the mandible which carries the first premolar and canine teeth. 
The ventral extremities persist through foetal life as cartilaginous 
nodules ; they may become ossified [25]. The proximal end of Meckel’s 
cartilage forms the malleus *, all the rest of the bar disappears, although 
the long internal lateral ligament occupies the site of part of the cartilage. 


ffdnaNaiD CONOtUC 



mvnt, vieved on tbe loner or Ussnal aspect, (from a draHlng and recoastnictiOD 
?7of. Alex. Low.) A. and D, cartOaglnons osUcles at eympbyils. 

In tare instances the cartilage may undergo complete and independent 
ossification. Thus the lower jaw, which shares with the clavicle the 
distinction of being the first bone in the body to ossify, is a membrane 
or dermal bone. Late in the 7th week a centre of ossification appears 
in each half, on the outer side of the Meckel’s cartilage and near the site 
of the future mental foramen. Each half of the lower jaw is ossified by 
the extension of a single centre. Processes grow up on either side of the 
inferior dental nerve, which, with the tooth buds, comes to lie in a 
primitive alveolar trough. During the 3td month the ascending ramus 
begins to form. In the condylar and coronoid processes a formation of 
secondary cartilage occurs, fibroblasts bring converted into cartilage 
cells ; thus the condyle and coronoid are ultimately laid down in cartilage. 
The two halves of the mandible mute at the symphysis during the 
i second year ; in some animals, such as the kangaroo, the symphysis 
\ -'•-.•‘••is open. - J J 
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If the processes of gro\\i;h and rotation are arrested, the last molar 
(wisdom) tooth is left on the posterior border of the maxilla, where it 
may give rise to pain and suppuration. The maxillary sinus or antrum is 
pecuharly large in man and in anthropoid apes. It is small in monkeys, 
a greatly expanded inferior meatus taking its place [22]. 

Mandibular Process and Arch. — ^The two mandibular processes unite in 
the middle line and form the mandibular or first visceral arch. The 
arch forms the lower or hinder boundary of the stomodaeum (Fig. 212). 
The right and left processes are in contact in the 4th week of develop- 



Fig. 212. The Mandibtilar Arch and Stomodaeum (primitive mouth) in a Hjman 
Embyro of the 5th week. (After Eabl.) A, from the front ; B, from the side, 

ment, but the process of fusion, which may be arrested (Fig. 192), is not 
complete until the middle of the 2nd month. 

Parts formed from the Mandibular Arch. — ^Besides the lower jaw, there 
are formed from this arch the soft parts over and imder the jaw, the 
lower lip, the muscles of mastication, the mylo-hyoid and anterior belly 
of the digastric, the tensor palati, and the tensor tympani. The antenor 
two-thirds of the tongue, the sublingual and submaxillary glands are 
formed from the mandibular arch and from the floor of the primitive 
pharynx between the mandibular and the second or hyoid arch. These 
parts are supplied from the nerve of the mandibular arch. The whole 
arch and its derivatives are set apart primarily for the purpose of seizmg 
food, and secondarily for mastication. Only in mammals are the hps 
separated from the alveolar processes. In the human embryo the lower 
lip is demarcated from the alveolus by the downgrowth of an epithelial 
groove (the labio-alveolar plate or groove) about the middle of the 7th, 
week. At birth the margin of the lips is covered by a villous zone [23]. 

The Mandibular Arch bounds the stomodaeum behind, and is the 
foremost of the visceral arches which encircle and form the walls of the 
primitive pharynx. MecheVs cartilage forms its skeletal basis (Figs. 208, 
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each other accurately in chewing. Growth of the upper jaw and of the 
antnun of Highmore requires a descent of the body of the lower jaw 
and an elongation of the ascending ramus (Fig. 214). In old age, when 
the teeth drop out and the alveolar margins are absorbed, the ascending 
ramus again becomes oblique, to allow the lower jaw to come in contact 
with the upper during mastication. The mental eminence is present at 
birth, and is a human characteristic [27J. In apes the genioglossal 
muscles arise from a fossa, in place of a tubercle as in man, on the lingual 
aspect of the symphysis. In primitive races this simian fossa occasionally 
occurs [28j. 

Prof. Brash has shown that the bone which forms the alveolar parts 
of the jaws is laid down in a complicated manner and is particularly 
plastic in its nature [26]. As the teeth erupt, new bone is formed both 
at the lower and alveolar borders of the mandible, and also over the 
mental eminence or chin. These growth changes are well exemplified 
in the subjects of acromegaly (Fig. 214), In this disease growth of the 
jaw continues after adult years arc reached. The deposition of new 
bone at the condylar process leads to the chin and teeth being pushed 
forwards in front of the upper jaw and teeth. The chin and lower 
border also increase in size [29]. 

Temporo-mandibular Articulation. — ^Two types of this joint are found 
in mammals, one (see Fig. 215, if) exemplified in the carnivora, in which 
only a hinge action is permitted, and hence the jaws act like scissor 
blades ; the second (see Fig. 215, C), in which a gliding movement is 
allowed, the teeth being thus able to act as grinders. The second type 
occurs in all vegetable feeders. The human articulation combines 
the characters of both types (Fig, 215, B), the gliding action taldng place 
between the interarticular cartilage and the skull, the hinge action 
between the cartilage and the condyle [30]. In rodents the glenoid 
carity is a nanow gutter in which the plate-like condyloid process gb'des 
backwards and forwards. The interarticular cartilage is developed in 
all the Mammalia except the monotremesand one or two marsupials [31]. 
At the end of the 3rd month the cartilage appears ns a condensation of 
fibrous tissue between the coronoid process and root of the zygoma. 
There is at tlus time no articular cavity ; the disc appears to arise from 
tissue caught between the condylar process and future glenoid cavity 
(VinogradofI). The jomt is lined not by cartilage but by connective 
tissue [32]. This is a feature winch b to be seen in all joints at an early 
stoge of development, but in this case it may be owing to the evolutionary 
history of the joint (see p. 253). 

Development o! the Tympanic Plate and Articular Eminence.— If the 
chin be depressed the condyle of the jaw moves on to the articular 
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Evolution of the Mandible. — To interpret the appearances seen during 
the development of the human mandible we must suppose that Meckel’s 
cartilage is the primitive skeleton of the mandible — a condition we know 
to occur in various forms of fishes (see Fig. 208). The malleus formed 
the upper end of the skeleton of the jaw, the joint between the malleus 
and incus representing the mandibular joint. The second stage in the 
evolution of the jaw is the formation of membrane or dermal bone to 
strengthen the cartilaginous rod and form supports for the teeth. This 
stage is also seen in fishes. The third and final stage is the formation of 
an ascending ramus and the evolution of a new joint between the condyle 
of the ascending ramus and the squamosal part of the temporal. This 
stage evidently occurred in the early ancestry of the mammals. Some 
of the transitional changes have been observed in the mammal-like 
reptiles of South Africa [18]. In all other vertebrates — ^amphibians, 
reptiles and birds — ^the primitive joint persists. 

Growth Changes in the Jaw. — ^The mandible undergoes great changes 



I’lG. 214. Mandibles of a Child at Birth, of a STormal Adult and of a Man the 

of Acromegaly, superimposed to show the manner in which growth takes piaci-. 


in the course of gro-^h. As the .permanent teeth erupt behind the nn 
set, increased alveolar space is required. This is obtained (see Fig. ^ j 
in two ways, by a forward movement of the teeth and their sockets an 
by new hone being deposited along the posterior border, of the ascenomg 
ramus. Growth in the vertical height is obtained by the deposition o 
new hone along the upper border of the ramus [26]. There must be a 
growth mechanism for regulating the rates of increase of the upper an 
lower jaws: otherwise the upper and lower teeth would fail to oppos® 
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easily accessible to the sxirgeon (Fig. 216, C). The plate also grows 
inwards to form the floor of the bony part of the Eustachian tube and 
downwards to form the vaginal process, to which the upper end of the 
carotid sheath is attached (Fig. 216, C). 

Fate oi the Stomodaeum. — ^Having described the manner in which the 
three developmental masses — nasal, maxillary and mandibular — arc 
involved in the upbuilding of each side of the face, it may be profitable 



tympanic ring 



to look back and see what has become of the primitive oral cavity— the 
stomodaeum. A diagrammatic section of this cavity is given in Fig. 
217 ; up to the Ctb week it is separated from the primitive pharynx by 
the oral membrane ; the stalk of the pituitary evagination— Rathke’s 
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eminence (Fig. 215, B ) ; if over-depressed it springs over the eminence, 
and a dislocation is produced. This is impossible in the early years of 
life, for at birth there is no eminence and no glenoid cavity (see Fig. 
216, A). At birth the membrana tympani lies exposed on the surface 
of the skull behind the condyle, supported in a fine osseous hoop, the 
tympanic ring. The ring is imperfect above, and there the flaccid part 
of the membrane occurs. By the second year the ring has grown into 



Fig. 215. The chief types of the Temporo-Maxfllary Articulation. 

A. Carnivorous Type. B. Omnivorous TjTie. C. Herbivorous Type. 

a plate by sending out two processes, which, as they grow out, unite and 
leave a gap between (Fig. 216, B). This, as a rule, is filled up by t e 
4th year. By the 20th year the tympanic plate is three-quarters of an 
inch long, forming the bony floor of the external meatus and the posterior 
wail of the glenoid fossa, which in man is remarkably deep. It protects 
the meatus from the condyle, and must be regarded as an accessory part 
of the mandibular joint. Every year until the 20th the bony meatus 
grows longer, while the fibro-cartilaginous part becomes relatively 
shorter. In the adult the bony part forms two-thirds of the meatus. 
As the tympanic plate grows outwards, the membrana becomes less 
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but only part of the soft. The nasal cavities arc not derived from the 
Rtomodaeum. It is true that the nasal processes grow vdthin and fill 
up the primitive space as it expands, but the cavities within the nasal 
processes represent expansions of the primary olfactory pockets. The 
tongue and floor of the mouth arise in the pharynx, behind the oral 
plate. 

In this chapter an account has been ^ven of the various embryological 
elements wluch go tq form the face. In the chapters dealing with the 
eye, nose, teeth and tongue further details will be described. The chief 
feature of the human face is its power of expression — due to the high 
differentiation of its subcutaneous musculature and to the elaborate 
nervous mechanism controlling that mnsculature [33]. The muscles of 
expression, we shall sec, arise in connection with the hyoid arch ; their 
wide distribution on the face occurred with the evolution of the pulmonary 
respiratory system. 
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pockef^is connected with the stomodaeum at the dorsal margin of the 
membrane. "When the prechordal or trabecular plate of cartilage is 
orme elow the fore-brain, the pii,uitary body thus becoming an intra- 



FIG. 217. Sagittal section sliowing the Stomodaeum and position of tlic Oral Plate in 

the 4th vreek. (Schematic.) 

cranial organ, its stalk comes to be situated at the hinder or sphenoid 
end of the nasal septum or vomer. This vomerine point may be 
regarded as stationary during the development of the nasal and buccal 



cavities. In Eig. 218 there is shown the position and relationships 
which the oral plate would assume were it to persist until adult life. 
The bps and teeth are developed in front of it, and therefore within the 
cavity of the stomadaeum. The hard palate is developed in front of it, 
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part or crown of the dentine is coated by (tn) tbe enamel] the 
embedded part or root by a layer of bone — (tc) the crusta petrosa. The 
root is secured within its socket by (v) the peridontal membrane, which 
acts as a periosteum to both the (wi) crusta petrosa and bony wall of the 
tooth socket. An account of the development of a tooth has to deal 
with the origin of each of these parts. 

(0 Origin of the Enamel. — The enamel buds are formed by the ecto- 
derm of the stomodaeum. In the 7th week the ectoderm within the 
labial margin grows into [6] the underlying mesodermal tissues so that 
a narrow semicircular invagination of epithelium is formed within the 
mandibular arch below, and within the premaxillary and maxillary parts 
of the primitive palate above. To the plate of ectoderm thus infolded 
the name of dental lamina or shelf is given. As may be seen in a section 



Fia. 222 Sectian Uuoueh the Lip and Utodlble of a Foetiu la the 3rd month of 
derdopment, ihowlng tb« down-growth of the dental ihelf. 

of the foetal lower jaw (Figs. 220, 222) the dental lamina is continuous 
at its origin with the epithelial downgrowth which separates the lip 
from the alveolus. From the ingrowing or deep margin of the dental 
lamina ten epithelial buds arise during the 3rd month, both in the upper 
and lower jaw. Each of these twenty enamel buds or organs produces the 
enamel to cover the crown of a milk tooth. Each hud as it deepens 
and expands comes against a condensed formation in the mesoderm of 
the jaw— the dental papilla. On the papilla the enamel bud becomes 
partly invaginated, the mesodermal or odontoblastic hud coining to lie 
\dthm the invagination (Fig. 222). During the 4th month the deeper 
stratum of ectodermal cells which cover the papilla change into columnar 
enamel-producing cells or amelobJasts [6]. The basal part of the amclo- 
blasts is converted gradually into enamel, or to put it somewhat 
differently, the ameloblasts form and deposit enamel at their bases and 
thus produce a coating for the dental papilla (Fig. 223). Each amelo- 
hlast thus gives rise at its base to a minute hexagonal prism of enamel. 
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lamina. The buccal epithelium which forms the labial and dental 
lamina is usually described as growing do%vn into and invading the under- 
lying mesoderm. Prof. J. E. Frazer [3] has given proof that it is the 
opposite that is true ; the mesoderm grows up and isolates dental and 
labial lamina, the superficial parts of both being fused in the labio-dental 
lamina. The inner aspect of the lips is also covered by a carpet of villi 
at birth, very similar to that on the gums [4]. 

Evolution of Teeth. — ^The teeth are products of the skin. Both the 
cutis or dermis and the epithelium or epidermis enter into their formation. 
A tooth is a papilla of the dermis which has undergone a peculiar form 
of ossification (dentine) ; it is coated by an extremely hard substance, 
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enamel, which is formed by the epidermis. Between the placoid scales 
which cover the skin of a shark and the complicated molar tooth of an 
elephant there is a connecting series of intermediate forms. ^ The 
primitive teeth have a conical or peg-hke form, but with the evolution of 
mastication in the primitive mammalian stock the conical teeth became 
differentiated into various and complicated forms — ^the molar teeth 
departing very markedly firom the primitive simple type. The recogni- 
tion of the true nature of teeth was delayed by the fact that during 
development the dental papilla and its epidermal covering are submerged 
beneath the lining membrane of the mouth. 

Structure of a Tooth. — ^A tooth may be considered as made up of six 

parts (see Fig. 221) : .... ' . j 

{i) The pulp, situated within (w) a capsule of dentine ; the exposed 
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tooth. Fine processes of the nerves pass into the dental tubules, while 
in its peripheral zone arc situated cells possessing the characteristics of 
nerve cells [11]. 

(tv) Dental Sac . — ^Ench foetal tooth, as may be seen from Fig. 224, 
lies embedded in the alveolus surrounded by a fibrous capsule known as 
the dental sac. The sac and its contents form a dental follicle. "NMien 
the enamel bud is invaginated by the dental papilla, the invaginated wall 
forma the enamel-producing layer, while the invaginating or parietal wall 
becomes surrounded by a dense layer of mesodermal tissue. The parietal 
wall is converted into the dental sac. At first (Fig. 224) the dental sac is 
continuous with the pulp papilla ; it becomes separated from the pulp 
when the root or roots of the teeth are completed. Between the enamel 
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(invaginated) and parietal (iavaginating) layers, filhng the cavity of the 
sac, lies a mass of jelly-like epithelium corresponding to the corneous 
epithelium of the sldn. As the crown of the tooth grows it rises within 
the sac of the enamel germ, and causes the absorption of the gelatinous 
material (Fig. 223), 

(v) Pcridontal Afcmhranc. — The peridental membrane (Fig. 221) is 
formed by that part of the dental sac which surrounds the fang of the 
tooth. It becomes the periosteal ligament which bmds the root to its 
socket; it is furmshed with special nerve endings [11], The part of the 
dental sac which surrounds the crown is absorbed during the eruption 
of the tooth. 

Urnsfa Petrosa . — -The peridontal membrane is of tbe nature of 
periosteum, and contains osteoblasts which deposit the crusta petrosa 
(bone) on that part of the dentine which forms the fang and also on the 



270 


HU]\IAN EMBRYOLOGY AND MORPHOLOGY 





IMS 



omcLobLasts 


— pr'C -enamcL 
lil — cnam^ 


dentine 
Tomes fibres 
ground' 


^Vlien the prisms are completed the ameloblasts form a cuticuJar 
membrane (Nasm}’th’s membrane) which covers the enamel at birth and 
is soon afterwards worn oif. The enamel of the milk teeth begins to be 
laid down late in the 3rd month and is completely formed before birth ; 
and that of the first permanent molar begins to be deposited at birth 
or soon after [7]. Prom the 5th month onwards the dental lamina— 
between the tooth germs and the surface of the alveolar margin— 
undergoes a gradual disruption and absorption. Isolated masses of the 
lamina may persist Avithin the gums and in certain cases give rise to 
masses of dental tissue — odontomes [8]. 

{n) Origin of the Dentine . — The dental papilla or odontoblastic germ, 

formed from the mesoderm, corre- 
sponds to a depressed skin (dermal) 
papilla, the enamel cells representing 
its covering of epithelium. The dental 
papilla determines the shape of the 
tooth. In its superficial layers it con- 
tains numerous cells, odontoblasts, 
with processes radiating towards the 
enamel epithelimn (Pig- 223). By the 
agency of the odontoblasts a sub- 
stance is deposited which becomes 
calcified into dentine or ivory [9]. R 
is deposited in the matrix round the 
processes of the odontoblasts. The 
caAuties in which the processes are 
enclosed become the tubules of the 
dentine. In rodents especially, but 
also in all mammals, although only to 
a slight extent in civihzed races of 
mankind, the odontoblasts react to wear, add new layers of dentine to 
the wall of the pulp cavity, and thus prevent the pulp from being 
exposed. The dentine is deposited first in the crown of the tooth 
beneath the enamel ; the neck is laid down next, and then the root, the 
last point of all to be formed being the narrow canal at the apex of the 
root by which the dental vessels and nerves reach the pulp cavity. The 
dental crowns reach their full size at the time of their formation. Teeth 
thus differ from all other structures of the body in undergoing no 
growth subsequent to the period of their development [10]. 

(m) The Pulp . — ^The pulp represents the remnant of the odontoblastic 
germ enclosed by the dentine. It is made up of a matrix of branching 
cells and contains the ramifications of the artery, vein and nerve of the 
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Fig. 223. Diagram to show the maimer iu 
which .enamel is laid do'nm by amelo- 
blasts and dentine by odontoblasts. 
The miun process of an odontoblast 
(Tomes’ fibre) ends in the fine reticular 
membrane which separates the formed 
enamel from the formed dentine. 
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tooth. Fine processes of the nerves pass into the dental tubules, while 
in its peripheral zone arc situated cells possessing the characteristics of 
nerve cells [11]. 

(tv) Dental Sac.— Each foetal tooth, as may be seen from Fig. 224, 
lies embedded in the alveolus surrounded by a fibrous capsule known as 
the dental sac. The sac and its contents form a dental /ollidc. "When 
the enamel hud is inva^ated by the dental papilla, the inva^inated wall 
forms the enamel-producing layer, while the invagiiiating or parietal wall 
becomes surrounded by a dense layer of mesodermal tissue. The parietal 
wall is converted into the dental sac. At first (Fig. 224) the dental sac is 
continuous with the pulp papilla ; it becomes separated from the pulp 
when the root or roots of the teeth ate completed. Between the enamel 
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the cavity of the 
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epithelium of the skin. As the crown of the tooth grows it rises within 
the sac of the enamel germ, and causes the absorption of the gelatinous 
material (Fig. 22S). 

(t) Peridontal iMemirane — The peridontal membrane (Fig. 221) is 
formed by that part of the dental sac which surrounds the fang of the 
tooth. It becomes the periosteal ligament which hinds the root to its 
socket ; it is fmnished with special nerve endings [11]. The part of the 
dental sac which surrounds the crown is absorbed durinc the eruption 
of the tooth. 

(in') Criisfo Petrosa.— Tha peridontal membrane is of the nature of 
periosteum, and contains osteoblasts which deposit the cnista petrosa 
(bone) on that part ot the dentine which forms the fang and also on the 
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inner wall of tlie alveolus. The centres of ossification in the upper and 
lower jaw spread round the labial and lingual aspects of the dental sacs, 
thus enclosing them in a bony gutter or trough. Subsequently septa are 
developed between the dental sacs, and thus the developing teeth come 
to be situated in bony crypts. The roof of a crypt is never completed ; 
a hole or window persists through which the neck of the dental sac 
emerges to become continuous with the mucd'us membrane covering 
the alveolus. The crovms of the teeth erupt at the point of union 
between the dental sac and alveolar membrane. 

Epithelial Remnants of Enamel Organ. — Epithelial remnants of the 
dental lamina are to be found in the substance of the alveolus up to the 
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Fig. 220. Epithelial remnants in the Dental Sac of a 1st Permanent Human Molar. 

(Howard Mummery.) 

end of foetal life or later, and may give rise to cysts of various kinds [8]. 
Besides these there are also others which occur within the sac surro^diag 
an imcut tooth, representing remains of the enamel organ. In Fig- 2 
is depicted a section of an unerupted first pernianent molar tooth, lying 
within its dental sac, remnants of the enamel organ being shown dis- 
tributed within the sac from the crown to the growing ends of the roots. 
We have seen that the enamel organ represents an epithelial sac, only tn® 
inner or invaginated wall being concerned in the formation of the ename , 
the outer or enveloping layer becoming broken up as shown in Bfi- 
Mummery’s figure, to form an interrupted epithelial layer sometinies 
named Hertwig’s sheath [12]. 

Origin of the Pernianent Teeth. — From the dental shelf, besides the 
buds for the milk teeth, there grow inwards, during the latter part o 
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the 3rd month of development, so as to lie on the lingual aspect of the 
milk buds, processes of ectoderm vfhich form the enamel of the ten teeth 
which replace the milk teeth (Figs. 222, 224 and 227). The three per- 
manent molars of each side arise from a process which prolongs the 
dental lamina backwards behind the part from which the enamel buds 
of the milk teeth arise (Fig. 227). The first molar is the earliest of all 
the permanent teeth to imdergo development. The permanent teeth 
are formed in exactly the same manner as the milk set. They develop 
on the lingual aspect of the roots of the milk teeth, and if the milk teeth 
be roughly extracted the permanent bud may also be torn out. Being 
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S. Diagram to thow Uie datea at wbkh Ui« various parts of the PennancQt Tsetli are 
formed. (Dr. lawsoa Dick.) 

developed deeper in the alveolus than the milk teeth, the neck of the 
dental sac is more elongated, and has been named the giibernaculum 
dentis tinder the belief that it serves to guide the teeth during eruption. 
The opening by which the gubemaculum emerges from the crypts of the 
permanent incisors and canines is seen on the lingual side of the alveolus 
near the sockets of the corresponding milk teeth. In the case of the 
premolars, the openings lie within the crypts of the milk molars (Carter). 

Bates of Formation. — ^It is important from a clinician’s point of view to 
remember when the crowns of teeth are formed, for if during the deposi- 
tion of enamel and dentine, illness should occur, then an interruption in 
the process takes place, and when the teeth erupt, their crowns are seen 
to be marked. In Fig. 220, A, is reproduced a diagram to show when 
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tlie milk teeth are formed. The tips of the crowns commence early in 
the 4th month, and are one-third comj)lete at birth [13]. The only 
permanent tooth w'hich may begin to form before birth is the 1st molar ; 
usually it begins just after birth. Fig. 226, B, shows the dates at whick 
the various parts of the permanent teeth are laid down. The qualify of 
dentine and enamel depend on several factors, some of which are 
hereditary ; of especial importance is the presence in the maternal and 
foetal blood of a sufidciency of vitamins and inorganic salts [14].' 

Dentigerous and other Cysts of the Jaw. — Cysts with epithelial walls, 
containing fluid, teeth or other dermal contents, occasionally develop in 
the javr. They are formed from epithelial remnants of the dental lamina, 
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Fig. 227. Mucous Membrane covering the posterior part of the Alveolus of a Kewly 
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second premolar are also shown. (After'Eose.) 


which normally breaks up and disappears completely, or from detached 
parts of the enamel buds [8]. 

Number of Dentitions. — In many lower vertebrates, such as sharks, the 
dental lamina gives off constantly a series of buds, so that as soon as one 
tooth is lost another springs up in its place from behind (Fig. 228). In 
mammals generally, as in man, the dental lamina gives off only two senes 
of buds — one for the milk set and another for the permanent set. In 
marsupials it gives off only one series, so that the first set of teeth is 
never replaced by a second. Thus in the most primitive vertebrates 
there is a succession of teeth, owing to the fecundity of the dental shelf. 
In man there are only the primary and secondary broods, but it is 
possible that occasionally representatives of a 3rd brood may be produced, 
for there are cases on record where a permanent tooth has been replaced 
by another late in life. 

Morphology of Human Teeth [15]. — ^The crowns of hmnan teeth seem 
to be modifications of a single type, all being evolved from the simple 
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conical tooth found in fishes and reptiles (Figs. 229, 230). The conical 
peg-liko tooth (haplodont) is to be regarded as the most primitive type, 
and in man vestigial teeth of this t 3 rpe occasionally occur. A modified 
example of the type is seen in the premolars of carnivorous mammals 
(Fig. 229). Here the base of the peg-shaped crown is surrounded by a 
ring of enamel — the cingulum. From the conical tooth was evolved the 
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Irilubercular type, one in which the crown carries three tubercles or cusps, 
two on the labial aide of the crown and one on the lingual margin (Fig. 
230, A). Secondary cusps arise from the cingulum (Marett Tims), and 
by the fusion of these with the original cone two outer cusps are produced, 
while an inner cusp arises vnthin the cii^lum. The canine retains the 
conical form of crown ; the prominence or heel on the lingual aspect 



Fio. 230 A. The Trltubercular Type ofTooth. The corresponding cusps are shown 
fewer (B), Canine (C). Bicuspid (D), Upper MoUr (E), and a 


of the crown represents an inner cusp ; occasionally this cusp is well 
developed on the human canine, particularly in the canine teeth of the 
extinct Neanderthal race [16]. The cutting edge of the incisors repre- 
sents the two outer cusps ; when newly erupted, the iacbor crowns show 
five serrations or cuspulcs. In the premolars or bicuspids the outer cusp, 
as may be seen in many of the lower primates, is really double. 


276 HUMAN EMBRYOLOGY AND MORPHOLOGY 

In tlie upper molar teeth, to the three primary cusps which form a 
cup, a fourth has been added (see Fig. 230, B). The two outer or buccal 
cusps are distinguished as the A.E. cusp (antero-extemal), the P.E. 
cusp (postero-external) ; the two inner as the A.I. (antero-internal) 
and P.I. (postero-ihternal) [17]. In the upper molars the cusps are 
situated alternately and the P.E. and A.I. cusps are united by an oblique 
enamel ridge, which represents the posterior margin of the crown of the 
primitive tritubercular tooth (Fig. 230, B). In the upper molar teeth 
of civilized races, especially in their wisdom teeth, the 4th or posterior 
internal cusp is often absent, the primitive tritubercular tooth thus 
reappearing. In the lower molars two cusps have been added to the 
three primary ones, making five in all. The 5th cusp is situated at the 
posterior border of the crown ; the others are arranged in opposite 
pairs. The 5th cusp is usually missing from the 2nd and 3rd lower 
molars of civilized races. The late Prof. L. Bolk collected much embryo- 
logical evidence in favour of his theory that mammalian teeth had 
arisen by a fusion or concrescence of dentitions. These dentitions were 
separate in the reptilian ancestors of mammals [18]. Gemination may 
occur in human incisors ; the incisor bud divides so that two crowns 
are produced on one root [19]. 

The Roots. — The upper molar teeth have three roots, two outer and 
one inner, but in the wisdom teeth, especially of civilized races, the roots 
are usually fused. The lower molars have two roots, but each root 
appears to be essentially double in nature. In lower primates the upper 
bicuspids have three roots, but in man these are usually fused so as to 
form one or sometimes two roots. The lower bicuspids have usually 
one root, but as in lower apes, they may have two. The roots are the 
last parts to be formed. "When the roots of the molar teeth are being 
developed, the base of the dental papilla becomes differentiated into three 
parts — round each of which a root is formed (Fig. 225). In that peouhar 
ancient and extinct race of men known as the Neanderthal race,, t e 
dental papilla and pulp cavity were very large and the roots were short 
and wide. Thus in Neanderthal teeth — the condition is very rarely seen 
in modern teeth — ^the pulp cavity almost descended to the tips of the 
roots. Such teeth are known as' “ taurodont ” — ^in opposition to the 
“ cynodont ” type in which the pulp cavity is small and roots long [20]. 

Eruption o£ the Teeth. — ^The eruption of the milk teeth coi^only 
covers a period of 18 months, beginning in the 6th with the lower incisors 
and ending in the 24th or 30th with the 2nd milk molars [21]. The 
eruption of the permanent teeth occupies a period of about 18 years, 
beginning with the 1st permanent molar in the 7th year and ending 
about the 24th with the 3rd molar. The milk molars are replaced by 
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the peitQancnt piemolars. In civilized races the 3rd molars or wisdom 
teeth frequently remain embedded in the alveolus or may be quite 
absent [22]. The upper wisdom tooth is developed in the posterior 
border of the superior masiUa, which bounds the spheno-maxillary 
fissure in front. During the growth backwards of the maxillary antrum 
the posterior border of the superior maxilla becomes rotated into the 
alveolar border, thus bringing the wisdom teeth into position (see 
Fig. 211). The inferior wisdom teeth are developed in the alveolus 
on the inner aspect of the ascending ramus. 

A fourth molar sometimes appears behind the 3rd. The original 
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primate stock is supposed to have had three incisors and four premolars 
on each side, yet a supernumerary inebor or premolar b a rare 
abnormality. The upper lateral incisto’ may be very small or even 
absent [22], there being a dbtinct tendency towards the dbappearance 
of this tooth in civilized races. If the teeth are too large for the jaw, 
a not tmeommon condition in civilized races owing to a diminbhed 
growth of the bony palate, they appear in irregular positions. 

The plastic nature of tbe alveolar bone is represented by the growth 
movements which take place as the milk teeth are replaced. There is a 
complex movement which carries the sockets of the inebor, canine and 
premolar teeth in the direction shown in Fig. 231. The extent of the 
movement there represented is a minimal one (Brash). 

Mechanism ol Eruption [21].— As regards the mechanism which causes 
teeth to erupt there is still some degree of uncertainty. One naturally 
infers that the growth of the root will tend to force the crown upwards 
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and the tissues over the croAvn to atrophy. The process of eruption is 
a much more complex one than the mere formation of a root. It is 
well known that a rootless tooth may cut the gum, while in another case 
the root may form and yet the tooth remain embedded in the jaw. 
Eruption is a definite growth movement — allied in nature to the mech- 
anism which leads to the extrusion of a foreign body by the tissues. 
During the eruption of a tooth there is not only an absorption of the 
overlying tissues of the gum — ^probably due to pressure — ^but there is 
also the positive growth of the peridontal tissues at the base of the 
tooth-sac, which, as it presses the tooth towards the surface, moulds the 
surroimding wall of the dental crypt into a suitable alveolar socket. 
Thus the formation of the socket ot alveolus appears to be part of the 
mechanism of eruption. All the permanent teeth, but particularly the 
molars, are moved forwards during and after eruption. The movement 
is produced by alveolar bone — ^the most plastic bone of the body. 

Effect of Civilization. — ^Mention has been made of the fact that the 
eruption of the last molars in highly civilized peoples may be long delayed 
or arrested ; in a proportion of individuals (15%) the germs of two or 
more of these teeth may be quite absent, ^^en the teeth and jaws of 
ancient European races are compared with those of their successors, 
certain changes are very evident. These are ; («) the crowns of the teeth 
in the ancient races are much worn ; (zz) the palate is well formed, and 
large enough to carry the teeth without crowding or irregularity; 
(zzz) the wisdom teeth are present in a high proportion of individuals, 
but usually show a reduction in size and development,; (zv)' diseased 
and carious teeth are uncommon ; (v) the edges of the incisor teeth 
come into apposition in biting. In modern Europeans the de^ee of 
wear or erosion is sHght ; the palate is often vaulted, contracted and the 
teeth crowded and misplaced ; the wisdom teeth are often unerupted 
or absent ; diseased teeth are extremely common ; the edges of the 
lower incisors ascend behind the crowns of the upper (scissors bite) [23]. 
The cause or causes of these rernaxkable changes are ill-understood, hut 
it is probable that some or all will he traced to the nature of oiu modern 


dietary [24]. 

Muscles of Mastication.' — ^The four muscles of mastication— the 
temporal masseter, external and internal pterygoids arise from the 
visceral mesoderm of the mandibular arch [25]. A single muscular 
mass is apparent at the end of the 1st month ; during the 2nd month 
it is differentiated into its several parts — ^the internal pterygoid being 
the first to separate from the common mass. The masseter and externa 
pterygoids are derived from the primitive temporal inuscle. The 
external pterygoid is a late addition ; even in man it is often imperfectly 
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separated from the temporal. The nniBclcs of mastication differ from 
the ordinary striated muscles of the Irody in being derived from the 
musculature of a visceral arch. Their motor nerve— the motor root of 
the Vth — represents the splanchnic nerve of the mandibular segment 
of the head (see p. 153). The somatic motor nerve of the segment is 
the IVth or trochlear nerve ; the somatic milsculature of this segment is 
represented by the superior oblique. The sensory nerves of the teeth — 
the 2nd and 3rd divisions of the Vth nerve— represent the skin or somatic 
sensory fibres of the mandibular segment of the head [26]. It will be 
thus seen that the apparatus of mastication has been evolved in connec- 
tion with the 2nd cephalic segment. The manner in which the muscles 
of mastication arc attached to the skull and the extent to which they 
modify cranial characters have been already mentioned (p. 229). The 
evolution of the temporo-mandibular joint has also been alluded to 
(p. 258). 

A point in connection with the external pterygoid muscle deserves 
mention. It is an adductor of the mandible in lower vertebrates, being 
attached to the upper segment of the mandible which is represented by 
the malleus in the mammalian head. Harpman and IVoollard found, 
in the human foetus of the 3rd month, that part of the tendon of the 
external pterygoid extends to the malleus. This connection disappears 
later, hut part of the tendon remains continuonswith the meniscus of the 
temporo-mandibular meniscus [27]. 

In the Strangeways Laboratory, Cambridge, enamel germs of foetal 
rats and of other mammals have been transplanted and kept alive in 
cultural media. They difierentiated into enamel and dentine and gave 
rise to crowns of normal form and structure. If a molar bud was divided, 
each ^alf gave rise to a complete molar of small size, Dr. Fell found that 
the ameloblasts are the dominant constituent of a tooth germ ; it is 
they that “ evoke ” the odontoblasts and determine the shape of the 
dental papilla [28]. 
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the 7th and 8th weeks the cavity of the pit is rapidly enlarged ; free 
communication with the mouth is established ; the nasal cavity has 
then become, as in amphibians, the functional vestibule of the respiratory 
system. In the 3rd month the palate is complete, and the stage peculiar 
to mammals thus established [1]. 

In tracing the development of structures subservient to the sense of 
smell, the following elements have to be dealt with : (t) the olfactory 
sense epithelium and olfactory nerves ; (it) the parts of the brain 
concerned ■with the sense of smell ; (iii) the capsule which contains the 
olfactory epithelium ; (tu) the respiratory tract of the nasal cavities. 

(i) Origin of the Olfactory Sense Epithelium. — At the end of the 4th 
week, a small area of the ectoderm lying under the fore-brain becomes 
demarcated on each side, to form the oljactoiy'plates. Aroimd these two 



plates the lateral and mesial nasal processes grow up (Fig. 233), the plates 
becoming at the same time invaginated to form the olfactory pits. With 
the gro^\*th of the nasal processes the cavities of the expan^ng olfactory 
pits or pockets come to occupy a space on the roof of the stomodaeum, 
their openings being turned towards that cavity. The ectodermal liniTij r 
becomes the epithelial membrane of the nasal cavities. A small island 
is detached from each olfactory plate to form the basis of Jacobson’s 
organ (Fig. 283). The sense cpithelia in the olfactory area behave as 
nerve cells and, in the 6th week, send out nerv’e processes which establish 
contacts with initial or mitral cells in the olfactory bulbs. The olfactory 
nerves are thus formed. At first the olfactory plates are directly in 
contact with the cerebral vesicle, but later on they are separated by tbe 
formation of the cerebral membranes and cribriform plates (Fig. 187). 



CHAPTER XV 


THE NASAL CAVITIES AND OLFACTORY STRUCTURES 


Evolution of the Nasal Cavities. — Although the sense of smell is a minor 
one in the economy of the human body, it is very evident that in the root- . 
stock from wliich mammals have been evolved the olfactory organ must 
have held a foremost place amongst the sensory structures. We have 
seen that the great superstructure of the brain rests on the primary 
ganglia connected ^vith the olfactory nerves. "When we now examine 
the changes connected with the development of the nose and nasal 
cavities in the human embryo, we shall see, behind the complicated 
processes at work, a recapitulation of conditions which are to be seen 



Fia. 232. 

A. The Olfactory Pit and Face of an Embryo In the 5th week of development. ' (After 

Broman.) 

B. The Olfactory Pit and Facial Processes in an Embryo in the 6th week of development. 

(After Hochstetter.) 


in animals occupying a very low position in the vertebrate kingdom. 
At the end of the 4th week the olfactory membrane appears as two 
plaques of ectoderm in contact with the under surface of the fore-bram 
(Figs. 186, A, 232, A) ; in the 5th week the plaques or plates become 
two pits — aright and left, the usual condition in fishes ; in the 6th week 
each pit becomes connected with the primitive mouth or stomodaeum 
by a groove or fissure — a condition seen in the dog-fish ; in the 6th and 
Yth weeks the pit is deepened anddts opening becomes turned towards 
the stomodaeum owing to the forward growth of its lateral and mesial 
margins which form the lateral and mesial nasal processes (Fig. IS^)- 
The processes unite in the manner already described and a nasal- cavitj^ 
similar to that of the air-breathing or dipnoean fishes is established. 
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cerebral vesicle is growing forwards to form the olfactory vesicles. At 
tbe end of the 3rd month the olfactory vesicle has assumed the form 
shown in Fig. 234. Its cavity is at first continuous with that of the 
cerebral vesicle, but this connection is lost in the 3rd month ; it becomes 
solid, and forms the olfactory bulb and tract (Fig. 236). The tip of the 
anterior horn of the lateral ventricle marks the point at wHch the cavity 
of the olfactory lobe communicated with the cerebral vesicle. 

The Rhinencephalon. — ^The Rhinencephalon is made up of the parts 
of the cerebnun which are primarily connected with smell. These parts 
are best seen in a typical mammalian brain such as is shown in Fig. 235. 
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In tlie foetus the olfiictory or sense epithelium is relatively extensive, 
as is the case in mammals wth a keen sense of smell. It descends almost 
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Fig. 234, Tho 'mesial aspect of Ithe Brain of a Human Foetus SJ months old, shoT^g 
the Olfactory Lobe. A, olfactorj* bulb ; B represents the paraterminal part of 
the rhluencephalon. 

to the lower border of the middle turbinate on the outer or lateral wall, 
and to the junction of the upper two-thirds with the lower third on the 

neopallium 
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FIG. 235. The mesial aspect of a typical Hammalian Cerebrum showing the parts of 
the niiiueucephalon. (ElUot-Smith.) 

mesial or septal wall. In the adult the distribution is much restricted 
— occupying areas only about one-finger’s breadth in extent below the 
cribriform plate. 

(ii) Olfactory Bulb. — ^As the olfactory pits are being thrust into the 
roof of the stomodaeum during the 6th week, a part of the floor of each 
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actually been formed in the walls of the primitive nasal cavities, linear 
outgro\Yths of the lining epithelium are observed to occur in the lateral 
wall and roof [3]. These outgrowths give rise to the meatuses of the 
nose — the inferior under the maxino-turbinal appearing first, about the 



8th week, the superior last, about the 12th week. In the lateral wall 
of the nasal cavity of a foetus 20 mm. long and in the 8th week of 
development two linear depressions are present [4J— the lower repre- 
senting the inferior meatus, the upper the "hicUus smilumrvs {ethmoidal 
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no sas. T»iclAlcr»JW*nofU>eK»!«ICMlt)ror»thlld»ibirth. (J. Parjons ichafffcrj 

infundibulum, I'ig. 238). The turbinate processes are developed out of 
the lateral wall and roof of the nasal cavity. The usual number is five 
in mammals, but in man the 4tb and 5th are only temporary. Tbc 
inferior or mazi!lo-ttiTbinale is developed on the lateral wall, but the 
middle and upper appear at first on the roof and septal wall, their lateral 
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oldest part of tlie brain, and its grey matter diJffers from tbe rest of the 
cortex by the comparative simplicity of its structure. 

Morphology of the Olfactory Neural Elements.— If the olfactory area 
of ectoderm were to adhere to and form part of the olfactory hulb, 
then the olfaetory vesicle would be comparable with the optic vesicle, the 
rods and cones representing the olfactory epithehum, the ganglion cells 
of the olfactory bulb those of the retina, while the lateral and mesial 
olfactory tracts would correspond to the optic tracts. The homology, 
however, breaks down w'hen w*e trace the olfactory tracts to their central 
connections. The fibres of the lateral root, unlike those of the optic 
tracts, end in a cortical formation, that of the imcus (Fig. 236). The 
fibres of the mesial root, on the other hand, hke those of the optic tracts, 
end in basal nuclei, represented by the olfactory tubercle and the 
paraterminal body. From these nuclei relays carry olfactory stimuli 
to all parts of the hippocampal formation and to the hypothalamus. 
The eommissm*al system of the fornix, both its transverse and its 
longitudinal fibres, serve to connect the various centres concerned with 
the sense of smell. The anterior commissiue unites the right and left 
cortical areas of the rhinencephalon. 

Nasal Cavities. — ^The nasal cavities are formed by the expansion of the 
olfactory pockets within the substance of the three developmental 
masses which surround each of them — ^the mesial nasal, lateral nasal 
and maxillary processes. When these processes unite in the 7th 
week, the primitive nasal cavity rapidly expands, and an opemng 
temporarily closed by peridermal epithelium is reformed in its fundus 
or floor. This is the primitive choana, situated in the roof of the 
mouth (Fig. 205, p. 249). The choanae are separated by the primitive 
nasal septum, and are at first in front of the pituitary outgrowth 
Rathke’s pocket (Fig. 237). In the latter part of the 2nd month and 
the earlier half of the 3rd the primitive nasal septum and the choana 
on each side of it, extend their dimensions until the posterior border o 
the septum reaches and'involves the mouth of Rathke’s pocket [2]. In 
this manner the nasal septum is secondarily extended, and the nasa 
cavities greatly deepened (Fig. 237). At the same time the floor of the 
nasal cavities is prolonged backwards by the formation of the secondary 
palate, and the secondary choanae are established within the region or 
the naso-pharynx before the end of the 3rd month. The process of 
chondrification begins in the lower part of the lateral nasal process 
during the period at which the secondary palate is being formed. The 
chondrification of the lateral mass of the ethmoid and other parts of 
the olfactory capsule have already been described (p. 222). 

Development of Turbinates and Air Sinuses. — ^Before cartilage has 
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actually been formed in the walls of the primitive nasal cavities, linear 
outgrowths of the lining epithelium are observed to occvir in the lateral 
wall and roof [3]. These outgrowths give rise to the meatuses of the 
nose— the inferior under the maxillo-turbinal appearing first, about the 



8th week, the superior last, about the 12th week. In the lateral wall 
of the nasal cavity of a foetus 20 mm. long and in the 8th week of 
development two linear depressions are present [4] — the lower repre- 
senting the inferior meatus, the upper the hxatm semtiunam {ethmoidal 
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infundibulum, big. 238). The turbinate processes arc developed out of 
the lateral wall and roof of the nasal carity. The usual number is five 
in mammals, but in man the 4th and 5th are only temporary. The 
inferior or maxUlo-turbinale is developed on the lateral wall, but the 
middle and upper appear at first on the roof and septal wall, their lateral 
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position being attained in the course of development. The sphenoidal 
turbinate also belongs to the ethmoidal series, but becomes applied to 
the body of the presphenoid. The turbinates and meatuses are developed 
in connection with respiration. They increase, it is true, the olfactory 
area, but their chief use is apparently to filter and warm the inspired 
air. 

The manner in which the nasal mucous membrane pushes its way from 
the middle meatus into the maxillary process to form the antrum of 
Highmore has been already described (p. 254). The other air sinuses— 
the frontal, lachrymo-ethmoidal, anterior, middle and posterior eth- 
moidal, and sphenoidal sinuses — six in all, arise in the same way as the 
antrum, but begin, with the exception of the last named, to enlarge at 
a much later date. Although they begin to bud out about the time of 
birth, they assume their active growth in the earlier years of puberty, 
and reach their full size before the 30th year. 

At birth, the lateral mass of the ethmoid is a thin plate, carrying the 
superior and middle turbinate processes, which almost fiU the nasal 
cavity (Figs. 204, 238). The entire ethmoid is narrow, and hence the 
proximity of the eyes in children. Beneath the middle turbinate is a 
thumbnail-like impression — ^the hiatus semilunaris, or ethmoidal 
infimdibulum, one of the earliest formations (8th week). The maxillary 
sinus buds out near its posterior end, the point at which the bud arises 
becoming the site at which the sinus opens in the middle meatus (Fig. 
239). The uncinate process of the lateral mass of the ethmoid forms the 
prominent lower margin of the hiatus (Fig. 238). A second opening for 
the sinus may be present below the level of the uncinate process, or this 
lower mouth may be the only one developed. 

In Fig. 238 part of the middle turbinate has been removed to expose 
the frontal recess of the middle meatus — an expansion of the meatus 
formed in the 4th month of foetal life. At birth four furrows are 
present — representing the buds of air sinuses [5]. One, or occasiona y 
two, of these enlarge to form the frontal sinuses, the others beconimg 
cells of the ethmoid. The duct or mouth of the frontal sinus may 
become secondarily continuous with the hiatus semilunaris or the ^ 
of the frontal sinus may arise from the upper end of the hiatus. J- 
bud of the frontal sinus, as it expands, pushes its way into the fron a 
bone, separating the outer from the inner lamella. The bud is forme 
in the 1st year, but is nascent until the 5th. A second frontal bud may 
arise and partially or completely supplant the primary frontal outgrowt 
As a rule, by the 25th year the sinus reaches outwards over the inner 
two-thirds of the orbital roof, and is an inch or more both in height an 
depth at its mesial part. It is smaller in women than in men, but it may 
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be, and often is, arrested at an early stage of development, or it may 
be absent altogether. The size of the supraciliary prominence is no 
index to its development. 

The stalk of the frontal bud forms the infimdibulum or naso-frontal 
duct, which is narrow, half an inch long, and difficult of catheterization 
from the nose. Into it open (or sometimes into the hiatus) the lachrymo^ 
ethmoidal and anterior ethmoidal cells which surround the infundibulum. 
They are developed as outgrowths from the infundibulum (Fig. 239). 
Occasionally the maxillary sinus, as is frequently the case in the gorilla, 
sends a process to form part of the frontal sinus, and hence there may be 
a communication between the sinus and the antrum [6], 

The development of the frontal sinuses and supra-orbital ridges leads 



FiQ. 239. A dlaETam of the Lat«c»l W«D of the Na«al CaTitr. Bhowing the position of 
the Air Slauees. The parts beoeetb the tnrbiBato processes are indJeated by 
stippled lines. 


to a marked change in the face at puberty. By the formation of the 
frontal sinuses the basal area of the skull, to which the face is attached, 
is largely increased in extent. Such an increase is necessary to support 
the palate, which grows rapidly in size at puberty. Up to the 5th year 
the upper jaw has to carry only ten milk teeth ; in the adult it has to 
carry sixteen permanent teeth. To support these the face and palate 
have to be enlarged. The formation of the frontal sinus gives the neces- 
sary increase in the area of the base of the skull for their support. It 
should be remembered that the growth of the brain and of the cranial 
cavity is comparatively slight after the 5th year. Only the gorilla and 
chimpanzee show an arrangement of frontal and ethmoidal sinuses 
comparable to that of man. 

Above the hiatue lies the bulla elhmaidalis, which is inflated by and 
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position being attained in the course of development. The sphenoidal 
turbinate also belongs to the ethmoidal series, but becomes applied to 
the body of the presphenoid. The turbinates and meatuses are developed 
in connection 'with respiration. They increase, it is true, the olfactory 
area, but their chief use is apparently to fdter and warm the inspired 
air. 

The manner in ■which the nasal mucous membrane pushes its way from 
the middle meatus into the maxillary process to form the antrum of 
Highmore has been abeady described (p. 25d). The other air sinuses— 
the frontal, lachrymo-ethmoidal, anterior, middle and posterior eth- 
moidal, and sphenoidal sinuses — six in all, arise in the same way as the 
antrum, but begin, with the exception of the last named, to enlarge at 
a much later date. Although they begin to bud out about the time of 
birth, they assume their active growth in the earher years of puberty, 
and reach their full size before the 30th year. 

At birth, the lateral mass of the ethmoid is a thin plate, carrying the 
superior and middle turbinate processes, which almost fill the nasal 
cavity (Figs. 204, 238). The entire ethmoid is narrow, and hence the 
proximity of the eyes in children. Beneath the middle turbinate is a 
thumbnail-like impression — ^the hiatus semilunaris, or ethmoidal 
infundibulum, one of the earliest formations (8th week). The maxillary 
sinus buds out near its posterior end, the point at which the bud arises 
becoming the site at which the sinus opens in the middle meatus (Fig- 
239). The uncinate process of the lateral mass of the ethmoid forms the 
prominent lower margin of the hiatus (Fig. 238). A second opening for 
the sinus may be present below the level of the uncinate process, or this 
lower mouth may be the only one developed. 

In Fig. 238 part of the middle turbinate has been removed to expose 
the frontal recess of the middle meatus — an expansion of the meatus 
formed in the 4th month of foetal life. At birth four furrows are 
present — ^representing the buds of air sinuses [5]. One, or occasiona y 
two, of these enlarge to form the frontal sinuses, the others becommg 
cells of the ethmoid. The duct or mouth of the frontal sinus may 
become secondarily continuous ■with the hiatus semilunaris or the bu 
of the frontal sinus may arise from the upper end of the hiatus. J- 
bud of the frontal sinus, as it expands, pushes its way into the non a 
bone, separating the outer from the inner lamella. The bud is forme 
in the 1st year, but is nascent until the 5th. A second frontal bud may 
arise and partially or completely supplant the primary frontal outgrowt 
As a rule, by the 25th year the sinus reaches outwards over the inner 
two-thirds of the orbital roof, and is an inch or more both in height an 
depth at its mesial part. It is smaller in women than in men, but it may 
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enclosed by a scroll of cartilage. It reaches its maximum development 
in the human foetus at the 5th month, -and afterwards becomes a mere 
vestige— often unrecognizable. It Bometimes persists and forms a very 
evident structure on the septum (Fig. 240). This special area of the 
olfactory organ is highly developed in nil herbivorous vertebrates in 
which the naso-palatine canals are widely open, and thus the juices and 
odours of the mouth have free access to the organ. Prof. Broman has 
suggested that Jacobson’s organ is for sampling substances dissolved 
in fluid, as is the case with the olfactory organ of fishes [8]. 

Nervus Terminahs. — ^Amongst the fibres of the olfactory nerve, par- 
ticularly in the branch to Jacobson’s organ, there occur nerve cells 
apparently of the same nature as those belonging to the sympathetic 
system. From these cells issue fibres which connect the olfactory areas 



Fia. 240. Ksial Septum of it ChUd at Dlitb. sfto«lDg s rod Iii»rn«d in tl)« pocket of 
Jacobson'! organ (a), i?, closed Ba9o-|ialaUne canal ; C, presphenoid : X;, vomer. 
tA Cave> 

of sense epithelium with grey matter near the lamina terminalis of the 
fore-brain. Besides these afi»ent fibres, there are also eBerent, which 
arise from the parent nucleus in the paraterminal body. Both sets of 
fibres constitute the nervus terminalis, which is well developed in low 
vertebrates and of which there remains a vestige in man [9], 

Nasal Duct.— Although in no way connected with the sense of smell, 
the nasal duct is closely related to the nasal catties and mrist receive 
consideration here. It is formed between the lateral nasal and maxillary 
processes (Figs, 184, 233). It is laid down as a solid epithelial cord 
along the naso-maxillary groove' at the end of the 2nd month. It 
becomes canaliculized during the 3rd month [10]. Three bones bound 
it : tbe superior maxilla on tbe outer side, formed b the maxillary 
process ; the inferior turbbate, formed in the cartilage of the lateral 
nasal process, and the lachrymal, formed over the lateral nasal cartilage, 
bound it on tlie inner side. The formation of the palate cuts the duct 
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commonly carries the opening of the middle ethmoidal cell (Figs. 238, 
239). The posterior ethmoidal sinus opens beneath the superior 
turbinate process, and is developed from the superior meatus. The 
ethmoidal sinuses are produced in the cartilage of the ethmoidal or lateral 
nasal plate (Fig.- 210). They inflate the ossifying cartilaginous plate 
until it becomes a cellular mass, thus increasing the breadth of the mtra- 
orbital septum. The sphenoidal sinus (Fig. 239) is formed during the 
3rd month by the mucous membrane gro\ving into and expanding the 
sphenoidal turbinate bone, vrhich is a small, slightly ossified cartilage 
l)ring beneath the presphenoid at birth, and forming the uppermost 
(6th) of the nasal turbinate processes. In childhood the sinus grows 
into and expands the presphenoid and part of the basi-sphenoid, the 
sphenoidal turbinate remaining as its anterior wall. The sphenoida 
turbinate is a detached part of the ethmoidal cartilage [7]. 

It will thus be seen that all the nasal air sinuses are produced primar y 
by a budding outwards of the nasal mucous membrane into the carti 
laginous basis of the lateral nasal processes. Disease may rea(Wy sprea 
to these sinuses from the nasal cavities. By means of the sinuses to 
area of the face is increased to support the adult palate bearing to 
permanent teeth. Most of them open on the respiratory tract o o 
nasal cavity. They are lined by ciliated epithelium and ventilate wi 
every breath. They act also as resonance chambers. 

Vestigial Turbinates. — There is frequently to be seen in the adult, one 
or even two secondary meatuses above the superior , these are co ^ 
stantly present in the chimpanzee and in mammals with a keen sense 
smell. In the human foetus of four months six: turbinates are usua y 
present, besides secondary processes in the meatuses beneath them, 
uppermost of these, the 6th, becomes the sphenoidal turbinate , ^ . 

disappears ; the 3rd and 4th may remain separate or become um > 
the 1st and'2nd form the inferior or maxillo-turbinal and imddle tur ^ 
processes. The agger nasi (naso-turbinal, Fig. 238), in front o 
attachment of the middle turbinate process, is a vestige of t e iw 
turbinal, a process well developed in most carnivora and anuna s 
a keen scent. The rmcinate process, which forms the lower or 
of the hiatus semilimaris, is continuous at its base with the naso-tur m 
Through the hiatus semilunaris acting as a , gutter, the antrum ©a 
become a cesspool for a suppurating frontal sinus. 

Organ of Jacobson. — ^Mention has already been made of the organ ^ 
Jacobson — ^situated on the nasal septum above the naso-palatine 
(p. 241). During development (Fig. 233) a part of the olfactory pa 
becomes detached, and is afterwards invaginated so as to form ^ 
tubular, pocket in the lower anterior part of the septum. It oe 
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enclosed by a scroll of cartilage. It reaches its maximum development 
in the human foetus at the 6th month, -and afterwards becomes a mere 
vestige — often unrecogmzable. It sometimes persists and forms a very 
evident structure on the septum (Fig- 240), This special area of the 
olfactory organ is highly developed in all herbivorous vertebrates in 
which the naso-palatine canals are widely open, and thus the juices and 
odours of the mouth have free access to the organ. Prof. Broman has 
suggested that Jacobson’s organ is for sampling substances dissolved 
in fluid, as is the case with the olfactory organ of fishes [8]. 

Nervus Tenninalis. — ^Amongst the fibres of the olfactory nerve, par- 
ticularly in the branch to Jacobson’s organ, there occur nerve cells 
apparently of the same nature as those belonging to the sympathetic 
system. From these cells issue fibres which connect the olfactory areas 
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of sense epithelium with grey matter near the lamina terminalis of the 
fore-brain. Besides these afferent fibres, there are also efferent, which 
arise from the patent nucleus in the paraterminal body. Both sets of 
fibres constitute the nervus terminalis, which is well developed in low 
vertebrates and of which there remains » vestige in man [9]. 

Kasai Duct. — ^Although in no way connected with the sense of smell, 
the nasal duct is closely related to the nasal cavities and must receive 
consideration here. It is formed between the lateral nasal and maxillary 
processes (Figs. 181, 233). It is laid down as a solid epithelial cord 
along the naso-maxillary groove at the end of the 2nd month. It 
becomes canaliculized during the 3rd month [10]. Three bones bound 
it : the superior maxilla on the outer side, formed in the maxillary 
process ; the inferior turbinate, formed in the cartilage of the lateral 
nasal process, and the lachrymal, formed over the lateral nasal cartilage, 
bound it on the inner side. The formation of the palate cuts the duct 
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off from the mouth. The hamulus of the lachrymal varies much in size, 
and is the vestige of a large process, which in lower primates enters 
into the formation of the inferior margin of the orbit. ThQ pars facialis 
sometimes occurs in man (Fig. 241). Occasionally the frontal and 
superior maxillary bones may pu.sh towards each other between the 



FlQ. 241. Showing on the Inner Wall of the Orbit (1) the position of the Infundlbnlnm, 

(2) the para facialis lachhTnaUs. 

lachrymal in front and lateral mass of the ethmoid behind, and thus 
form a fronto-maxillary articulation on the inner wall of the orbit. 

Malformations of the Nose. — In Figs, 55, 189 and 201 two malformations 
of the nose are represented. In Fig. 189 the rare condition is shown in 
which one olfactory pit and its corresponding processes form a polypoid 
body ; in Fig. 242 the condition of ryclops, where both nasal cavities 
are enclosed in a proboscis, is represented. The eyes are also fused. 
The condition of the facial skeleton in such a case is represented in Pig- 
201. To bring about this condition there has been an arrest of growth 
of the cephalic end of the embryonic plate, with a fusion of the right 
and left olfactory bulbs and also of the optic vesicles [11]. The two 
olfactory plates and pits are united in a single median structure. Cyclops 
and allied conditions are to be regarded, not as reversions to ancestral 
stages of evolution, but as the result of injuries to the cephalic part of 
the neural plates during the earliest phase of their development. The 
cells of the neural crest of the head region are involved in the damage 
which gives rise to cyclops (see p. 240). 

Two other malformations require mention. During the 3rd, 4th and 
5th months of foetal life an epithelial plug is formed within the antenor 
nares — ^where the cutaneous and nasal epithelial coverings meet. Id 
rare cases the plug becomes organized and forms a dense septmn within 
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the nares. A similar obstruction, often containing bone, may be formed 
near the posterior nares. The posterior narial occlusion represents an 
organization and persistence of the epithelial membrane •which at first 





I'la. 243. U«dian (atnttal i«cllotioftI)eIlfa<laadFae«iDacaseorCyclop!< X.frootal 
bone ; B, alc^e anedlaa nasal cavity contained in a proboscis formed by the nasal 
processea ; C, tnediaa or fused «ye ; D, palate formed by the maxiUary processes 
only; E, median cerebral vesicle; F, eugle optic serve ; C, Eiutacman tube ; 
n, palate bone. 


closes the primitive choanae (sec p. 286). Duplication of the nose is a 
rare abnormality. In such cases one or more of the nasal openings are 
blocked. The external nose may be absent (Mortimer Woolf). 
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CHAPTER XVI 


development of the structures CONCERJVEU 

IN THE SENSE OF SIGHT 

The Nature oi the Eye.— It is in vmn that we appeal to comparative 
anatomy for light on the various stages in the evolution of the eye ; the 
eye of vertebrates is already fully formed in the earliest form Imown. 
Our knowledge of its origin and nature rests on an embryological founda- 
tion ; during the 4th and 5th weeks of human development we see the 
eye compounded from three sources : (t) the retina and optic nerve 
arise as an outgrowth of the neural tube ; {ii) tb e lens arises from the 
ectoderm or body covering ; (in") the tunics and mecha nism of accom- 
modation fro m the m esoderm. The union of these three tissues to form 
the mosr'matvellous contrivance oC the human body is a product of 
countless ages of evolution. A comparison with tbe olfactory organ, 
already mentioned in the last chapter, assists ns in understanding the 
peculiar nature of the eye. The olfactory plates are neural in nature ; 
their sensory cells give rise to the fibres of the olfactory nerves. The 
plaques of olfactory epithelium arc situated near the open anterior end 
(neuropore) of the neural tube ; one can easily understand how they 
might shift towards the neural tube, me^e with it, and become incor- 
porated within the part which forms the olfactory bulb. Were we to 
implant the olfactory epithelium in tbe olfactory bulb, we should produce 
a structure comparable to the retina. During an early part of the 4th 
week the two retinal plates are represented by depressions on the sides 
of that part of the medullary^ folds which ^ when enclosed, forma the 
fore-brain (Fig. 243). The epithelium which lines the optic evaginations, 
clearly parts of the original surface coverir^ of the embryo, does not 
become ependymal cells, but, like the olfactory plates, gives rise to those 
highly modified sensory cells— tods and cones. Besides the rods and 
cones the epithelium of the optic evapnations gives rise to nerve and 
other cells, in this respect resembling a typical part of the neural tube. 
It is thus cleat that the olfactory and optic nerves are of a totally 
different nature from other cranial nerves. 

Binocular Vision. — ^In the course of the evolution of the Primates — the 
order to which man belongs — the structures connected wth sight under- 
went a remarkable series of changes : (i) a minute area of each retina 
became modified to form the macula — a centre of acute vision ; (tt) the 
295 
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orbits were so altered that both eyes became directed forwards; 
(m) nerve centres and muscles became capable of accommodation; 
(fv) a large area of the occipital cortex became modified for the receipt 
of impulses from the retina. AVe do not know how these structural 
changes were initiated and brought about, but their advantage to arboreal 
animals is very evident. Animals which use their hands and arms as 
means of arboreal progression must be able to judge accurately the 
distance from branch to branch ; stereoscopic vision becomes a necessity 
for them [1]. AYe shall note the developmental processes which bring 
about these structural modifications as we proceed. 

The structures concerned in the sense of sight are; {i) the Eyeball 
and the Optic Nerve ; (n) the Eyelids and Lachrymal Apparatus ; 


ectaden 
optic 
euaginat 
future ret irti 

fore bruin 
3'-'' oent' 

incsobiasl , 



ma. 243. 



forebrain 
optic vesicle 
epiblast 
neiiroblast 
mesoblast 

mid'brain 


hind-brain 


Fia. 243. Diagrammatic section across Fore-brain of a Human Embryo in eariy part 
of 4th week to show tlie Optic Evaginations. (.4.fter Prof. Bryce.) 

Fig. 244. Diagram of the Elements whicli form the Eyeball. 


(m) the Orbit, and the Muscles, Nerves and Vessels contained in it, 
(iv) the Nerve Centres and Tracts. AYe shall take up the consideration 
of these parts in the order just named. 

The Eyeball. — The condition of the eye in the 4th week of foetal e 
is shown diagrammatically in Figs. 243, 244. The three elements whic 
unite to form the eyeball are as yet separate. They are : (») Ectoderm, 
which forms {a) the epithelium of the cornea, (6) the lens, and (c) t e 
capsule of the lens, (n) I^eufddertp,, which forms (a) the optic nerves, 
(6) sensitive retina, (c) pars ciliaris retinae, {d) uvea, {e) 'pigtnentoxf 
layer of retina, (/) the hyaloid membrane and vitreous. {Hi) Meso 
derm, which forms; (a) outer tunic (sclerotic and fibrous cornea), 
(6) middle tunic (choroid, ciliary-choroid and the anterior stratum o 
the iris) ; (c) the hyaloid artery [2]. 
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Tho chief Structures derived from the Ectoderm are ; (a) The lens . — 
The lens is developed by a saccnlai invagination of the ectoderm situated 
over the optic vesicle at the beginning of the 5th week (Fig. 245). About 
a week later it becomes a closed sac by the severance of its connection 
with the ectoderm, its wall being formed by a single layer of epithelial 
cells [S]. The cavity of the lenticular vesicle is soon obliterated by the 
cells of the posterior wall becoming elongated (Fig. 246) until they reach 



B. Sepaiatlou of tbo Vesiclo laUr la the Cth week. Both hguies represent Coronal 
aectlona of the fore-biaia xaH 'leslcte of » human emhi^o. (After 
Hochi tetter.) 

the anterior wall (7 th and 8th weeks). Each elongated celiis transformed 
into a lens fibre. The power possessed by the tissues of the optic cup of 
inducing ” the overlying ectoderm to invaginate and form a lens has 
^already been mentioned (p. 64). 

The cells of the anterior wall retain their primitive form (Fig. 246). 
New lens fibres ate added by the cells at lhe..margin (equator) becoming 
multiplied and elongated. The central fibres, which ate formed first, 
are the shortest, the fibres of every additional layer produced become 
longer than those of the previous layer, hence the concentric arrange- 
ment of fibres. Further, the fibres of each layer are so graduated in 
length that, when produced, they meet along certain Imes which radiate 
from the anterior and posterior poles of the lens. The lens is relatively 
large at birth, being two*thirds of its final size ; growth continues 
until puberty, and even then has not ceased, for Priestley Snuth found 
that there is an appreciable addition to its weight with each decade 
of life. It will thus be seen that the lens is an area of modified epidemns, 
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orbits were so alterod that both eyes became directed forwards; 
(m) nerve centres and muscles became capable of accommodation; 
(iv) a large area of the occipital cortex became modified for the receipt 
of impulses from the retina. We do not know how these structural 
changes were initiated and brought about, but their advantage to arboreal 
animals is very evident. Animals which use their hands and arms as 
means of arboreal progression must be able to judge accurately the 
distance from branch to branch ; stereoscopic vision becomes a necessity 
for them [1]. We shall note the developmental processes which bring 
about these structural modifications as we proceed. 

The structures concerned in the sense of sight are : (f) the Eyeball 
and the Optic Nerve ; (n) the Eyelids and Lachrjmial Apparatus ; 




forebrain 
optic vesicle 
epiblast 
neuroblast 
—mesoblast 
mid-brain 

hind-brain 


Fio. 243. Diagrammatic section across Fore-brain of a Human Embryo In early part 
of 4th week to show the Optic Evaginations. (After Prof. Bryce.) ■ 


Fia. 244. Diagram of the Elements which form the Eyeball. 


(in) the Orbit, and the Muscles, Nerves and Vessels contained in it, 
(iv) the Nerve Centres and Tracts. We shall take up the consideration 
of these parts in the order just named. 

The Eyeball. — The condition of the eye in the 4th week of foetal e 
is shown diagrammatically in Figs. 243, 244. The three elements whic 
unite to form the eyeball are as yet separate. They are ; (i) Ectoderm, 
which forms (a) the epithelium of the cornea, (b) the lens, and (c) t e 
capsule of the lens, (ii) iNeufodenp,, which forms (a) the optic nerves, 
(6) sensitive retina, (c) pars ciliaris retinae, (d) uvea, (e) pigmei^ary 
layer of retina, (/) the hyaloid membrane and vitreous. (Hi) Meso 
derm, which forms: (a) outer timic (sclerotic and fibrous cornea), 
(6) middle tunic (choroid, ciliary-choroid and the anterior stratum o 
the iris) ; (c) the hyaloid artery [2]. 


299 


SENSE OF SiaHT 
(c) The capsule of the lens is a cuticular membrane formed by the 
lenticular cells. Fine fibrils, similar in origin to the substance of the 
vitreous, are added to the capsule. They are formed between the 
margin of the optic cup and circumference of the lens ; these give rise 
to the zonular membrane (Fig. 246). Outside the proper capsule a 
vascular t\mic is formed from the mesoderm (Fig. 247). 

Structures formed from the Optic Vesicles (neurodermal element). — 
Each vesicle is being demarcated into its several parts soon after the 
commencement of the 4th week ; even before the medullary plates 
have met to enclose the cavity of the fore-brain the optic vesicles have 
commenced as evaginations of those plates (Fig. 243). They form a 
great lateral diverticulum on each side of that part of the fore-brain 



which becomes the 3rd ventricle. The condition of the right optic 
vesicle at the end of the Cth week is shown diagrammatically in Fig. 
248. The stalk or neck remains constricted to become the optic nerve 
while the vesicle enlarges and becomes invaginated to form the optic 
cup. 

Invagination of the Optic Vesicle.— Almost as soon as it begins to grow 
out the optic vesicle becomes inva^ated, one half being drawn within 
the other (Figs. 245, A, B). The lenticular bud lies within the indenta- 
tion. The remarkable fact was discovered by Dr. Warren Lewis that 
the optic vesicle, if transplanted, can cause overlybg ectoderm to pro- 
duce a lenticular hud [5]. The invaginated vesicle is known as the optic 
'np. Fine fibres unite the neuroblastic cells which line the optic cup 
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and in manner of development closely resembles the sense organs in tie 
sldn of fishes and amphibians. Lilce the epidermis, it shows a ten- 
dency in the aged to be transformed into keratin. The oldest cells (tie 
central or nuclear fibres) alter first ; hence the central position of tie 
cataract which occurs so frequently in old people. 

(b) The cornea . — ^The epithelial covering of the cornea is continuous 
with the surrounding ectoderm. Like all embryonic tissues, the cornea 
is trar^parent, but it differs from them in retaining its transparency. 
Tow^ards the end of the 2nd month the connective tissue of the cornea, 
the anterior chamber of the eye, the pupillary membrane and the vascular 



Fig. 246. Fig. 247, 

Fig. 246. The Formation of tlie Lens Fibres from the epithelium on the posteior waU 
of the lenticular vesicle and tlic ingrowth of mesoderm to form the pbstance oi 
the Cornea and Vascular Capsule of Lens, 7th week. (xVfler Lindahl.) 

Fig. 247. Diagrammatic section of the Anterior Part of the E.vehaU to show the state 
of the anterior chamber and iris in tlie 5th month. (After Broman.) 


capsule of the lens are fashioned in the folloiving manner. Mesoderm 
surrounding the optic cup invades the space between the ectoderm o 
the cornea and the lens, thus separating these two structures. In tu® 
midst of the invading mesoderm appears a cleft ; this becomes theanteflo^^ 
or aqueons chamber of the eye (Eigs. 246, 247), The mesoderm in fro^t 
of the chamber provides the connective tissue basis of the cornea, whne 
the mesoderm behind the chamber becomes the pupillary membrane 
and vascular capsule of the lens. Bowman’s membrane is formed by a 
condensation of the tissue immediately under the epithelial covering 
the cornea during the 5th month ; a Kttle later, the deepest stratipu 
condenses into the membrane of Decemet [4]. 
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with the deep aspect of the lenticular vesicle (Cirincionc). The invagina- 
tion of the vesicle, which takes place in an oblique manner — as if pressure 
had been applied from below and behind — leads to the closure not only 
of the cavity of the vesicle, but also to that of the distal half of the stalk 
(optic nerve). The point at which the central artery enters the optic 
nerve marks the upper limit of the invagination of the optic stalk (Fig. 
249). By the end of the 5th week the optic vesicle no longer communi- 
cates with the cavity of the fore-brain, but the recessus opticus in the 
floor of the 3rd ventricle, above the chiasma, remains to mark the point 
at which the original evagination took place (Fig. 248). The parts 
formed from the optic vesicles are : 

{a) The optic nerve is formed from the stalk of the optic vesicle. The 
wall of the stalk is at first composed of a single layer of columnar epithe- 


nerriNA 



no, 249. Certain parts of the Eye during the 7th week of development, (After His.) 


limn ; in the 2nd month these cells produce a sponge-work of fibres on 
the surface of the stalk [6], During the 7th week, the optic fibres, 
developing as processes of the neuroblasts of the invaginated layer, 
begin to grow into the brain from the retina along the sponge-work of 
the optic stalk [7], Thus are formed the greater number of the fibres 
in the optic nerve, there being over a million of fibres from each retina 
at birth [8]. The optic fibres also form the chiasma in the floor of the 
3rd ventricle and the optic tracts on the wall of the fore-bram (Fig. 268). 
It will thus be seen that the optic nerves and vesicles are of the same 
origin as the cerebral vesicle — both representing modified parts of the 
waU of the fore-brain. 

(6) The pigmentary layer of the retina is formed from the ensheathing 
or outer layer of the optic cup (Fig. 250). At first the wall of the optic 
vesicle is composed of a single layer of epithelium ; the outer or pig- 
mentary layer of the retina retains this embryonic form. Pigment 
appears as early as the 6th week, commencing at the marginal border. 
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of development, is not fully difiercntiated until three months after birth. 
The original or ependymal layer, while dividing and producing broods 
of cells, still retains its position, the daughter cells being pushed towards 
the vitreous aspect of the retina, and by the middle of the 7th month of 
foetal life all the retinal elements are present, arranged in the same strata 
as in the adult. The retina is complete and sensitive to light by the 
end of the 7th month, but, as just said, the fovea centralis and macular 
area are not in action until three months after birth [10]. 

On each surface of the retina is developed a cuticular or limiting mem- 
brane. Some of the original epithelial (ependymal) cells become 
elongated between the limiting membranes and form the fibres of 
Muller (Fig. 252, D). On passing from the margin of the cup to its 
centre all stages in the development of the retina will be seen between 
the single layer and the multl-stratified condition (Fig. 252). Ulti- 



Fio S53< The Optic Stalk and Cup, viewed on the lower and lateral aspect, showine 
the choroidal fissure and free nursiu of the cup 


mately three strata can be recognized in the retina. Beneath the outer 
limiting membrane the original cells remain as the retinal sense epithe- 
lium ; processes from these cells break through the outer limiting 
membrane to form the rods and cones ; the middle stratum forms 
bipolar cells ; beneath the inner Uiniting membrane ganglionic cells 
arc formed. The middle stratum by its processes links together the 
sense epithelium and the ganglionic cells, and thus stands in the same 
relationship to the sense epithelium and ganglionic cells as a posterior 
root ganglion does to the touch corpuscles of the sldn and the cuneate 
and gracile nuclei of the medulla. In many respects the development 
of the retina recalls the development of the spinal cord. Both are formed 
from parts of the neural tube. 

Choroidal Fissure.— Occasionally a coi^enital fissure is present in the 
lower segment of the iris (coloboma iridis) or choroid (coloboma choroidea) 
(Fig. 250). A white line, due to absence of pigment, may be seen in the 
corresponding segment of the retina when the interior of the eye is 
examined. These are due to imperfect closure of the choroidal fissure. 
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epithelium which covers the ciliary processes is secretory in nature. It 
forms the aqueous humour, thus recalling the ependyma, which covers 
the choroid plexuses of the ventricles of the brain. It is strange that 
from the same layer as gives origin to nerve.cells there should also arise 
supporting (neuroglial) and secretory cells, and as we shall see anon, the 
unstriped muscle of the iris (Fig. 251). 

(c) The sensitive retina is formed out of the inner or iiivaginated layer 
of the optic cup (Fig. 252). At first the inner wall is composed of a 
single layer of epithelium. The cihary part of the retina retains this 
form. YTiat is called the outer aspect of the primitive retina is directed 



Fig, 252. Diagramniatic section across Optic Cup to sboiv the manner in which the 
cells of the inner layer of the optic cup are differentiated to form the retina. 

(After Furst.) 

A, B, C, DfE, show stages in the development of the retina from the simple layer 

of cells. 

1. The outer stratum of sense cells (rods and cones). 

2. The middle stratum connecting (bipolar) ners'e cells. 

3. The inner stratum of ganglionic cells and fibres. 

The cavity of the optic vesicle, which is closed by the invagination of the retinal layer 
within the cup and obliterated by the outgrou'th of the rods and cones, is repre- 
sented by a wide black zone in the diagram. 

towards the pigmented layer, but is separated feom that layer by what_ 
remains of the cavity of the optic vesicle (Fig. 250). That cavity, it will 
-be remembered, is a prolongation of the neural canal or ventricular 
cavity of the brain. The sense cells of the retina, the rods and cones, 
therefore occupy the position of the lining ependyma of the ventricles 
of the brain. The inner or vitreous aspect of the retina, corresponding 
to the outer aspect of the neural tube, is directed towards the lens. The 
manner [9] in which the complicated strata of the retina arise from the 
single layer is represented diagrammatically in Fig. 252." Differentiation 
starts at the centre of the optic cup and spreads towards the periphery, 
but the fovea centralis, although becoming apparent in the 3rd month 
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epithelium, which remains in sitUf and the rods and cones, which fall 
inwards with the nerve layer. Fluid then collects in the site of the 
primitive cavity of the optic vesicle. The optic part of the medullary 
plate of amphibian embryos has been transplanted and produced a 



FW. 258. FlO 257. 

Fio. 256. Colobonia or Clefl of Irfa (After Sefgel > 

Fio 257. Remains of PnpQfary Membrane (.ifter Prof Hippel ) 


retina in its new site. The retina has also been successfully grown in 
artificial media [11]. 

The Vitreous Body,— Dr. Ida Mann [12] distinguishes three stages in 
the development of the vitreous body ; they are illustrated in Figs. 
268, A, B,C. Up to the 7th week (^4) the vitreous is represented by a 



Fio 253 Three stages la the developmeotjof theJVItreousJBody.Tf (After Dr Icla^Iann ) 

A. Section of the optic cap of a human foetus to Uw 7th week of development. 

B. Section of the cup about the udddle of the 9rd month. 

C. At the end of the 4th month. 

nl 1. primary >1treous ; nl. 2. secondary or permanent vitreous ; OJf , optic nerve ; 
jn, margin of the primary optic enp; j>c. postertor chamber; Ir., iris and ciUarj 
processes produced from primary mar^: X^leos. 

system of fine fibrils which connect the inner limiting membrane of 
the retina with the capsule of the leia, all of them being ectodermal or 
neurodennal in origin. The only structure within the optic cup which 
is of mesodermal origin is the hyaloid artery. That artery issues from 
the optic disc to end in branches round and behind the lens. The sheath 
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The choroidal fissure is the result of the peculiar mode in which the optic 
vesicle is cupped or invaginated. The lens grows into it from the malar 
or lower lateral aspect and becomes lodged in the anterior part of the 
depression. The margins of the invagination grow over, and include, 
the hyaloid artery and meet as is shown in Fig. 253, their line of contact 
constituting the choroidal fissure. The margins of the fissure unite 
(Fig. 254) ; muon begins near the centre of the fissure and spreads 
distally to the margin of the cup and proximally to the point of entrance 
of the hyaloid artery (Fig. 249). By the 8th week all trace of the fissure 
should have disappeared. The union recalls the closure of the fissure 
of the upper hp and of the margins of the neural tube. There is this 



FlQ. 254. FlO. 255. 

Fig. 254. Section across the Choroidal Fissure (fis.) to show the retinal lips being 
approximated so that the outer (pigmented) layer is brought against the outer 
layer and the inner against the inner. (After Dr. Ida Mann.) A remnant of the 
hyaloid vessels and tissue is shown included within the cup. The beginning of 
the capillary layer of the choroid is depicted {cJior. cap.). 

Fig. 255. Section of the Iris at the 5tii month of development. (After Dr. Ida Mann.) 
The anterior margin of the optic cup has gro^nl forward to provide the iimer 
stratum of the iris and to form the covering of the ciliary processes. 
a, anterior or mesodermal stratum of iris ; b, remnant of the cavity of the opticcup ; 
c, ciliary process ; d, pars ciliaris retinae ; e. circular vessel in which the ciliary 
arteries end; ant, eft., anterior chamber; corn., • cornea ; scler., sclerotic tunic. 


difierence, however ; in coloboma no open fissure remains, only a white 
line destitute of pigment. With the closure of the choroidal fissure the 
optic cup is completed, with one exception. Towards the beginning of 
the 4th month of foetal life, the margin of the cup takes on a special 
growth, expanding forward to provide the uveal coat for the iris (Fig. 
255). The fissure shown in the iris (Fig. .256) is due to a failure of a 
narrow segment of the cup to take part in this forward expansion. 

The primitive cavity of the optic vesicle (Fig. 250) is of some clinical 
importance. It is obliterated by the invagination of the vesicle ; the 
rods and cones formed in the inner or invaginated layer grow out across 
the cavity into the outer or ensheathing pigmented layer of the retina 
(Fig. 252)., From accident or disease the retina may be detached, thus 
causing bhndness ; the separation takes place between the pigmented 
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tlie 3rd month, taking its origin -within the optic nerve from the stem of 
the hyaloid. The pathway in the vitreous which was occupied by the 
hyaloid artery remains as a passage or canal, the hyaloid canal. In 
cats and rabbits the hyaloid artwy persists for some days after birth. 
Remnants may persist in the human eye and so interfere nith \'ision. 

The ogiieous chamber is Jbxmed between the cornea and lens, its -walls 
being entirely of mesodermal origin. In Fig- 259 the mesoderm which 
invades the apace between the ectoderm and lenticular vesicle is repre- 
sented as forming not only the basis of the cornea but also the anterior 
wall of the vascular tunic of the lens, these two parts being supposed to 
become separated by the formation of the aqueous chamber. Dr. 



Lindahl [13} is of opinion, however, that these two parts arc formed 
separately, the mesodermal basis of the cornea in the.dth week and the 
lenticular capsule later, at the 9th week, the aqueous chamber being the 
potential chamber between these two formations (Fig. 246). We have 
seen how the forward groivth of the anterior margin of the optic cup 
(Fig. 253, 0} gives rise to the posterior compartment of the aqueous 
chamber. Fluid begins to collect in the pupillary area of this space 
m the Gth month and spreads, so that in the 7th month the chamber has 
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of the Jiyaloid artery corresponds to pia mater and is probably of neuro- 
dermal origin. By the end of the 3rd month [B) the permanent vitreous 
has begun to appear ; it is a gel formed apparently by, and on, the inner 
surface of the retina. As the true or secondary vitreous accumulates, 
the primary material becomes compressed into a central strand extending 
from the disc to the vascular capsule of the lens (Fig. 258, B). The 
central strand carries the hyaloid artery. In the third and final phase 
(0), reached in the 4th month, the \dtreou8 body has grown in volume ; 
the chamber has been enlarged by the forward gro\vth of the margin of 
the cup, and at the same time the circumference of the pupil is delimited. 
With the formation of the iris and of the ciliary bodies there come into 
existence, as may be seen in Fig. 258, C, a series of radial fibrils passing 
from the ciliary bodies to the circumference of the lens and of its capsule. 
These form the zonule of Zinn and the suspensory ligament of the lens. 
The structures just named bound the vitreous chamber in front and are 
of the same nature as the fibrils of the primary vitreous. With the 
formation of the iris another important structure eomes into existence, 
namely, the posterior chamber, into which the aqueous exudes 
(Fig. 258, C, p.c.). 

Parts of the Eyeball formed from Mesoderm. — ^As the optic cup repre- 
sents an extension of the brain we expect it to be provided with corre- 
sponding coverings. We may rightly regard the choroid coat, with its 
rich vascular stratum (chorio-capillarisj, as representative of the pia- 
arachnoid. The choroid begins to be laid down in the latter part of 
the 2nd month, to be followed in the 3rd month by a differentiation of 
the sclerotic, a fibrous coat which corresponds to the fibrous capsule of 
the sloill, including the dura mater as part of that capsule. Under 
certain pathological conditions bone may form in the sclerotic. 

The wall of the anterior chamber of the eye is pervaded by mesodermal 
structures. Mesoderm provides the fibrous coat of the cornea, the 
anterior stratum of the iris and the pupillary membrane. 

The hyaloid artery, also of mesodermal origin, ends in the vascular 
capsule of the lens, providing that structure with nourishment durmg 
the period of its most active growth — :the 3rd and 4th months of foetal 
hfe. After the 4th month the artery xmdergoes reduction and by the 
6th month should be represented by a mere thread. As the, anterior 
margimof the optic cup grows forward to form the iris in the 4th month, 
it-lifts the anterior part of the vascular capsule from the lens, carrying 
it on the anterior surface of the iris ; , this anterior part now receives the 
name pupillary membrane (Fig. 257). Normally the pupillaiy mem- 
brane becomes absorbed in the 7th month. 

The central artery of the retina becomes to a, m’fest towards the end of 
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recalling the deposition of dermal bones in the primitive capsule of the 
brain. 

The tapetum lucidum is absent in the human and primate eye. It 
gives the metallic lustre seen on the retinal surface of the eye of the ox, 
and is formed by a layer of fine fibres vrhich ate developed on the retinal 
surface of the choroid. 

The capsule of Tenon, the bursa or connective-tissue socket of the 
eyeball, U developed in the mesoderm surrounding the eyeball. A lympb 
space separates it from the sclerotic, which, however, is not clearly 
differentiated imtil after birth [14]. The ehoanoid muscle (retractor 
bulbi or orbital muscle), which surrounds the sclerotic part of the eyeball 
as a muscular hood in mammals and vertebrates generally and arises in 





common with the external rectus, has become greatly reduced in man 
and the higher primates. ■Remains of the retractor bulbi — a striated 
muscle — ^have been described by Prof. ’Wbitnall in the bmnan orbit [35], 
The unstriped muscle of the orbit occurs in two places ; the orbital part 
(Mviller’s muscle) bridges the spbeno-maxillary fissure ; in man this is 
a mere vestige [16] ; the palpebral part forms the nou-striated muscu- 
lature found in the insertions of the levator palpebrae. The nou-striated 
muscle is supplied by sympathetic nerves. Its function is obseme. 

The Binocular Angle.— One of the more striking events in the develop- 
ment of the human eye is the change which takes place in the ocular 
axis [17]. During the 6th week the axes of the eyes ate set almost at 
right angles to the mid line of the bead, tbe binocular angle being 160® 
(Fig. 2G1, A). Three weeks later (Fig, 261, B) the eyes have swung 
forwards, so that the binocular ax^le is reduced to 72° ; the angle in 
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extended to tlie corneo-scleral junction. Almost up to the time of birth, 
the anterior chamber of the aqueous is very shallow (Fig. 260), the 
lens lying near the cornea. Even in the 5th foetal month (see Fig. 247) 
the posterior part of the aqueous chamber — the part which lies between 
the iris and the lens — ^is not opened up. We must regard the aqueous 
system as strictly comparable to the cerebro-spinal and not as part of 
the lymph system. 

The choroid, the vascular basis of the ciliary bodies, the stroma and 
vessels of the iris, all of mesodermal origin, provide a vascular covering 
for those parts of the eyeball which are derived from the optic cup. 



Fio. 260. Section of the Eye and Orbit at birth. 

serving them as the pia mater does the brain. Within this vascular 
tunic certain unstriped muscles are developed. There is, first, the 
ciliary or focusing muscle, made up of circular as well as of radial 
fibres. It is developed in the mesoderm between the margin of the 
optic cup and the sclerotic dming the 4th and 5th months, the circular 
being differentiated before the radial. Secondly, two unstriated muscles 
arise within the iris, one to act as a sphincter, the other as a dilator. 
These are remarkable in that they are developed directly from neurecto- 
derm, being separated dming the 4th month from that part of the optic 
cup which forms the deep stratum of the iris (Fig. 251). The only other 
muscles which arise from ectoderm are the arrectores pilorum. 

The sclerotic, derived from the outer mesodermal envelope of the optic 
cup, is continuous in front with the cornea ; behind, with the sheath of. 
the optic nerve and dura mater. In some vertebrates, but not m 
mammals, plates of bone are developed in the anterior half of the sclerotic. 



311 


SENSE OF SIGHT 
nasal, frontal process of maxillaj lachrymal and lateral mass of the 
ethmoid, are formed. The optic nerve enters the orbit between the 
orbito- and presphenoids, both of which help to form the orbit. The 
orbital surface of the great wing is formed at a later period in a mem* 
branous basis (see p. 220). The orbital plate of the malar cuts the orbit 
ofi from the temporal fossa ; it is developed in higher primates only. 
The nasal duct is formed between the maxillary and nasal processes 
(Figs. 233 and 263). In lower primates and mammals generally the 
hamujar process of the lachrymal appears on the margin of the orbit ; 
the pars facialis lachrymaUs is sometimes seen in the human skull 



(Fig. 211). SIcution has been made of the division of the orbital region 
of the primitive skull (Fig. 163) into orbital and temporal parts during 
the evolution of the temporo-mandibular joint (see p. 20D). The 
division is effected by the formation of a lateral wall to the ma mmalian 
orbit ; the lateral wall of the orbit should be regarded as part of a bony 
scaffolding to give attachment to muscles of mastication. 

Eyelids,— The eyes lie naked in the head of the' human embryo, like 
those of a fish, until the 7th week, when eyelids begin to form. They arise 
as folds of the ectoderm above and below the superficial parts of the eye* 
ball. Mesoderm grows into the folds and forms the tarsal plates. The 
upper eyelid is developed from the same tissues as form the forehead, 
the lower from the visceral mesoderm of the maxillary process. In the 
9th week the upper and lower eyelids meet and adhere, and remain 
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adults is usually about 68^^. The forward suing of the eyes is an adapta- 
tion to binocular vision and is correlated wth an extension in the develop- 
ment of mesodermal structures behind and lateral to the orbits (Fig. 
261, B). These structures form the outer wall of the orbit and the mass 
of muscles concerned in mastication. 

Growth of the Eyeball. — ^Up to this point we have been concerned with 
the assembling of the developmental parts of the eye. We must note 
now certain important changes which take place after birth. At birth 
the eye is relatively large, its diameter (17-18 mm.) being three-fourths 
of the adult diameter (24 mm.). In rate and precocity of growth it is 
comparable to the brain. Growth of the eyeball during childhood may 
assume a pathological character, the eye becoming unduly elongated. 



position of nasal duct 


FlQ. 262. The Origin of the Bones entering into the Formation of the O^t. The 
ascending process of the maxilla, although lying in lateral nasal territory, is 
ossified as a direct extension from the body of the maxilla. 

thus giving rise to Myojpia [18]. The macula lutea and fovea centralis 
reach their full development about 4 months after birth [19]. A child 
born at the end of the 7th month is sensitive to light and darkness ; appre- 
ciation of form comes towards the end of the 1st year ; while colours are 
not recognized until the 2nd or 3rd years — or in some cases the colour 
sense is not developed. The colours at the opposite ends of the spectrum 
(red-violet) are the first to be recognized (Edridge Green). 

Formation of the Orbit (Fig. 262). — ^The orbit is formed {i) above by 
the capsule of the fore-brain in which the frontal bone is developed, 
{ii) externally and below by the visceral mesoderm of the maxillary 
process (Fig. 261, B). In the maxillary process the malar bone and 
superior maxilla (except the ascending nasal process) are developed. 
{iii) The inner wall is formed by the lateral nasal process, in which the 
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The Lachrymal Gland arises at the beginning of the 3rd month as a 
number of ectodermal buds which spring from the fornix of the con- 
junctiva beneath the upper lid, and grow into the tissue of the outer 
and upper segment of the orbit (Fig. 26C). The outer buds form the 
orbital part of the gland ; the more internal buds form the palpebral 
part [21]. Smaller lacbiymal glands may occasionally be found at the 
outer angle of the eye, which is the position occupied by tbe lachrymal 
glands of birds and reptiles (Wiederaheim). The lachrymal canalicuH 
and sac and nasal duct are developed out of solid epithelial cords enclosed 
between the maxillary and lateral nasal processes (see p. 291). The 
canaliculi are formed during the 3rd month as sprouts from the upper 
end of the solid rod of epithelium representing the nasal duct. llTiile 
the bud of tbe upper canaliculus opens at the inner end of tbe upper lid 



FIO. 2W. 


A. Sliowlng tti« TcnninatloQ of tbe Lower Lachrynia} CaDallculua Rome dUtanoe from 
tbe Ifeslat End of tbe Lower Eyelid, in a foetus 2 months old. Ihe tubular out* 
growths of the lachrymat gland are also shown. 
n. The Mesial Extremity of tbe Lower Eyelid cutoff to form the Caruncula The lacb* 
rymsl outgrowths sie DOW more complex lo structure. Froniafoetus In 4th month 
of devclopmeut. (After Ask ) 

(Pig. 26G, A), the inferior canaliculus extends some way along the lower 
lid before it comes to the surface (Ash). It may form a secondary 
communication neater the inner angle of the eye, thus giving rise to a 
congenital lachrymal fistula. With the formation of the lachrymal 
canaUcuIus, part of the lower eyelid is cut off and forms the canmcula 
(Fig. 266, A and B). The nasal duct was evolved when vertebrates 
abandoned water for life on land. Thus arise the various parts of the 
system concerned in bathing, cleansing and draining tbe front of the 
eye. In man this system serves an emotional as well as a utilitarian 
purpose. 

Ocular Afuscles.— In Fig. 180 are represented the various parts of 
a primitive cranial segment. In such a segment the upper part 
(head cavity) gives origin to a “ muscle plate as happens also in 
body segments. From the head cavities of the first three vis^ceral pro- 
cesses arise the muscles of the eyeball 122]. These muscles become 
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adherent until the 7th month is entered. In rabbits, mice, kittens and 
puppies the lids are still closed at birth. The upper eyelid is developed 
in two parts outer and inner ; occasionally a notch remains on the 
margin, and marks the point at which the two parts unite (Fig. 263). 
The upper end of the pHca semilimaris is attached in the embryo at the 
position of the notch. The ectoderm on the deep surface of the lids 
retains a columnar shape, and forms the palpebral conjunctiva. It is 
continuous with the ectodermal stratum of the cornea. From the 
ectoderm between the adherent edges of the lids, buds grow during the 
4th and 5th months, and form the eyelashes. Meibomian and other 
glands, in the same manner as hairs and sweat glands, are developed. 
The Meibomian glands represent modified sebaceous glands, but the hair 
or cilia from which they prhnarily arose have vanished. The curious 
epicanthic fold is shown in Fig. 264. It is represented in all races 



Fig, 2C4. Epicanthic or Mongolian fold. (After Meckel.) 

I’lQ. 2G5. Diagram of the Plica Semilunaris and LachrjTnal CanalicuU, 


during foetal life. Towards the end of the 2nd month the eyelids are 
invaded by myoblasts — ^muscle cells — derived from the 2nd or hyoid 
visceral arch. The orbictilaris palpebrarum which thus arises is supplied 
by the facial nerve, the nerve of the hyoid arch. 

The plica semilunaris (Fig. 265), a fold of conjunctiva in the inner 
canthus of the eye, has hitherto been regarded as a vestige of the 3rd 
eyehd (membrana nictitans), which is fully developed in birds and 
reptiles. In the snake’s eye Mayou found that this membrane formed 
what is commonly called the anterior lamina of the cornea ; it is the 
epithelium of this membrane which desquamates and renders the animal 
temporarily blind. The phea semilimaris is relatively large in the human 
foetus, reaching its maximum development in the 5th month. It is 
well seen in the cat, partially crossing the cornea as the hds are shut [20]. 
Tlie lachrymal papiUae in man mb in the grooves at the outer and inner 
margins of the fold. 
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ciliary, and its ncr%’e, the oculomotor, both also derivatives of the Ist 
segment [25]. Slcntion has been made of the origin of the retractor 
muscle ^th the external rectus from the 3rd segment. 

Development of the Nerve Centres concerned with Sight.— Four parts 
of the brain are concerned with vision. They are : (t) Optic tracts. 
{h) Basal centres in the optic thalamus (lateral geniculate bodies) and 
in the tectum (superior colliculus), (m) Optic radiations, {iv) Occipital 
lobes — in part at least. 

(t) The optic tracts arc made up of fibres developed from the ganglionic 
cells of the retina and also in part of efferent fibres developed from cells 
of the basal ganglia in which the optic tracts are seen to terminate. The 
fibres grow in by the optic stalk, those from the nasal fields of the retina 
decussating in the floor of the 3rd ventricle between the origins of the 
optic vesicles, thus forming the chiasma. The optic fibres grow back- 
wards on the surface of the thalamencephalon (see Fig. 268) and on the 
optic thalamus to reach the lateral or external geniculate body. The 
majority of the fibres of the optic tract end in this geniculate centre. 
The fibres from the macula are almost as numerous as from the rest of 
the retina. The optic fibres on reaching the geniculate cortex take Up 
definite positions — the macular fibres occupying one area, the peripheral 
fibres adjacent areas (Fig. 272). In brief, it may be said that the repre- 
sentation of the retina in the lateral genic^ate bodies is strictly 
anatomical. The crossed and imcrossed fibres from the corresponding 
quadrants of the retina find their appointed places in the geniculates, 
those from the upper quadrants of the retina ending in the deeper or 
mesial aspects of the body, while those from the lower quadrants end 
in the more superficial or lateral strata of that body. 

{ii) Basal Centres . — Corpora quadrigemina . — In a number of instances 
the human embryonic condition resembles the adult condition of lower 
vertebrates. A good example is seen in the corpora quadrigemina or 
tectum. The human foetus at the end of the 2nd month (Fig. 268) 
shows the corpora quadrigemina represented by a prominent thickening 
in the roof of the carity of the mid-brain, which forms subsequently the 
aqueduct of Sylvius. The thickening is divided into lateral halves by a 
median sulcus, each half being nearly as large as tbe cerebral vesicle 
of that period. In Fig. 269 is shown the condition in an adult lizard ; 
there is one body on each side — -the optic lohes, tectum or corpora 
bigemina. As the human foetus grows older, each lateral lobe becomes 
dirided into an upper and lower colliculus by the formation of a trans- 
veree groove, the upper and lower pairs of the corpora quadrigemina 
being thus formed. The upper pair are connected with sight in all 
vertebrates, but in the higher primates, including man [20], the number 
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difierentiated towards tlic end of the 2nd montli. Tlie levator palpebrae 
arises as a delamination from the superior rectus in the 3rd month. 
The muscle plate of the premandibular — usually called the 1st — segment 
forms the muscles supplied by the Illrd cranial nerve, which is the 
motor nerve of that segment. The mesencephalon (crura cerebri) 
contains the corresponding part of the neural tube. The ciliary muscle 
and sphincter of the iris also belong to this segment, and are supplied 
by the Illrd nerve. The muscle plate of the mandibular, usually named 
the 2nd head segment, produces the superior oblique. The dorsal 
decussation and anomalous position of the IVth nerves have, as yet, 
received no satisfactory explanation [23]. The muscle plate of the hyoid 
or 3rd cephalic segment gives rise to the externah rectus ; the \Hth 


io sup. rectus, etc. 
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Fig, 207. Diagram of tlic Motor Nerves of the Sluscles of the Eye derived from the 
1st, 2nd, and 3rd cephalic Bcgmcnts. 


nerve is the nerve for the somatic musculature of the segment, the Vllth 
supplying the splanchnic muscles of that segment. 

The sensory nerves of these three segments are fused together in the 
three divisions of the Vth nerve. The ciliary ganglion is the splanchnic 
(sympathetic) ganglion of the premandibular segment [24]. The nerves 
for the retractor muscle, the non-striated muscle of the upper eyelid 
and the dilator fibres of the iris issue from the upper three dorsal 
segments of the spinal cord and reach the eye by the cervical sympathetic 
chain and cavernous plexus. The nerve fibres for the orbicularis palpe- 
brarum pass out with the facial, but their cells of origin receive collaterals 
from each pyramidal tract. The ophthalmic division of the Vth repre- 
sents the sensory somatic nerve of the segment to which the Illrd nerve 
belongs ; hence the reflection of pain along this nerve (frontal headache) 
in disorders of accommodation, the muscle of accommodation being the 
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colliculi are vestigial, but in compensation, the inferior are well developed 
as they are connected with the sense of hearing, which is very acute in 
that animal. 

The lateral geniculate body is part of the great sensory transmitting 
station, the optic thalamus. It will be remembered (p. 183) that the 
thalamus in its evolution and development moves at the same pace as 
the cerebral cortex. . In reptiles, stages in the transference of sensory 
terminations from the mid-brain to the thalamus ate to he seen. This 
transference was continued in the mammaban stock, reaching its highest 
points in the anthropoid and particularly in the human brain. Prof. 
Le Gtos Clark [26] found that the lateral geniculate body is developed 
from the ventro-lateral nucleus of the thalamus, the nucleus which 
receives all the sensory tracts of the body, save those from the olfactory 
bulbs. He observed, too, that there is added to its ventral aspect a 
subsidiary part, derived from the older subthalamus. In the 3rd month 
the recipient cells of the main nucleus become arranged in six tiers or 
strata [27] between which the fibres of the optic tract end in the orderly 
manner already mentioned (p. 315). 

The optic radiations connect the geniculate centres with the striate 
cortex of the occipital lobes, and vice versa. The fibres join the posterior 
part of the internal capsule, and pass under and round the posterior horn 
of the lateral ventricle to end, in the cortex of the calcarine fissure and 
neighbourhood. The granular stratum (TV) of the cortex in which the 
optic radiations terminate is divided by a narrow white stratum, the 
line of Gennari, into a superficial and deep layer. In reptiles, as already 
said, the optic tracts end chiefly in the mid-hrain ; there are no optic 
radiations. These begin to appear in the lowest connecting 

the lateral gemculatc centres with the cortex of brain and thus hringmg 
vision into the field of consciousness In man and higher primates 
the transference to the cortex has become almost complete. Even in 
their distribution in the occipital cortex the impulses from the retina 
retain orderly pathways ; the quadrants of the retina have corresponding 
fields in the occipital cortex on the upper and lower lips of the calcarine 
fissure. The peripheral fields of the retina have, as has just been men- 
tioned, their main representation in the main calcarine fissure, while the 
macula finds its visual field m the cortex around the retrocalcariue and 
lateral calcarine sulci (Fig. 272). The blood supply to all parts connected 
with vision is remarkably constant [28]. 

The occipital lobe and calcarinefissure.—A mesial ^^ew of the 5th-month 
foetal brain is shown in Fig. 270, A. The occipital lobe is already well 
formed; its inner aspect shows the calcarine and parieto-occipital 
fissures. A section across the ocdpital lobe is shown in Fig. 270, B • 
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of fibres terminating in tbe superior colliculi is greatly reduced. Indeed, 
those which do terminate there convey stimuli which are ultimately 



concerned in regulating the size of the pupil. In the reptihan brain, on 
the other hand, nearly all the optic fibres end in the mid-brain, few 
terminating in the geniculate body. The mid-brain is the sight bram 



Fig. 269. Mesial section of the Brain of a Lizard, 'showing the resemblance to the 
. human foetal brain, especiaily in the development of the corpora bigemma. 


and chief executive centre of the reptile. In four-footed mammals, 
although the geniculate centres rise in importance, yet more than half 
Ithe optic fibres still pass to the mid-brain. In the mole the superior 
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back to overlap the cerebellum. The striate or visuo-sensory area of 
the human brain is not larger than that of the anthropoid ape, but the 
association or visuo-psychic area is infinitely more extensive. “ Thus, 
we can take it that the auperiority of the human over the ape’s bram as a 
psychical organ must be the result mainly of the higher development of 
the association or peristriate areas ” (ElUot-Smith). With the devel<^ 
ment of association areas in front of the occipital cortex in the human 
brain, the striate area tends to be pushed to wards the mesial aspect of the 
cerebral hemispheres. 

The angular gyrus is linked to the occipital lobe by association fibres. 
It is only indirectly connected with vision. There is clinical evidence to 
suggest that its cortex is concerned in the interpretation of what is seen. 
This gyrus is developed round the posterior end of the Ist temporal or 
parallel fissure (Fig. 101). It is part of the wall of the cerebral vesicle. 
The first temporal or parallel fissure appears during the 6th month and 





Fro. 272. 

A The Areas of Tcrmiualkn of Itetlnal Fibres Ju Uio Lateral Oenicuiate Body. 

(Brouwer) 

B. Tlic “ JIacuUr Area '■ of «ic Occirttal Lobe. {F.lbot-Buutli.) 

t. talc. M , latent calcanne buIctis 

ia one of the primary fissures. It is found in the brains of all primates 
except the lowest [29], 

It will thus be seen that three parts of the neural tube have become 
modified to serve the function of sight: (i) The optic vesicle, an out- 
growth from the fore-brain (thalamcncephalon). (li) The occipital 
region of the cerebral vesicle, which receives fibres projected from the 
geniculate nuclei, (iii) The walls of the 3rd ventricle (thalamence- 
phalon) and mid-brain (mesencephalon). The tunica of the eye ate 
extensions of the cmhryological coverings of the brain, the retina being 
an extension of the brain itself. The choroid coat springs from the 
same layer ns forms the pia nmter and arachnoid. The sclerotic is a 



318 


HUMAN EMBRYOLOGY AND MORPHOLOGY 

the posterior horn is large ; the calcarine iissiire indents its inner wall, 
giving rise to the calcar avis or hippocampus minor, a featme which is 
seen in the brains of nearly all mammals (Blh'ot-Smith). 

The calcarine is one of the first fissures to be formed on the brain ; 



FiQ. 270. 

A. view of the Mesial Surface of the Brain in the 5th montli. 
li. Section of the Occijatal Lobe nt tlie position marked in A. 


it appears early in the 5th month. This and the hippocampal depression, 
which is connected with the sense of smell, are the two fissures most 
commonly present in the mammalian brain. The posterior part of the 
calcarine fissure is a later formation, and is distingm’shed as the retro- 


rudiment of occip. lobe 



Fio. 271. — Mesial section of the Brain In the 5th week, showing the rudiment of 

occipital lobe. (After His.) 


calcarine (see Fig. 167, p. 198). In Fig. 271 the condition of the occipital 
lobe in the 5th week is shown. The lateral ventricle is as yet tmdifferen- 
tiated into horns, and only the rudiment of the occipital lobe is present. 
This lobe develops as a backward growth of the cerebral vesicle, the 
posterior horn being produced as a diverticulum of the cavity of the 
vesicle. By the 5th month the occipital lobe has reached far enough 
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[23] An explanation of the dorsal on^ of the trochlear nerve is likely to be 
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[24] The late Prof. Woollard found that the nerves to the ocular muscles have 
two forms of termination, by end plates (motor), and by branched endings (sensory) : 
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[26] For recent work on lateral gcniculates, see Clark, W. E. Le Gros, Brain, 
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prolongation of tLe primitive cerebral capsule, in which the skull bones 
are formed. The optic vesicle carries with it a prolongation of the 
arteries and veins of the fore-brain. Part of the optic vesicle is trans- 
formed into a secretory epithelium over the ciliary processes in the same 
way as the wall of the neural tube becomes a covering for the choroidal 
villi of the brain. 
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rinth. Some of its lining cells are ^fferentiated into ciliated sensory 
epithelium. The otocyst appears remarkably early in the human 
embryo, the plaque being recognizable at the beginning of the 4th week, 
when only five or six body segments have become demarcated. 

(ti) A ganglion, which is also differentiated at a very early period from 
the projecting angle of the hind-brain, r^resenting a forward continua- 
tion of the neural crest (Fig. 273). The neural cells so separated become 
the ganglia of the Vllth and Vlllth nerves — the mass belonging to the 
Ylllth migrating towards and becoimng closely applied to the octocyst. 




The nerve cells so applied form the cochlear and vestibular ganglia. 
Each cell sends out two processes, one to become connected with the 
epithelium of the otocyst, the other to end in groups of ner\’e cells in the 
floor of the hind-brain, tbeir collective fibres forming the vestibular and 
auditory divisions of the Vlllth nerve. The development of the auditory 
nerve thus resembles that of the posterior or sensory root of a spinal 
nerve. 

(til) The otocyst (membranous labyrinth) becomes surrounded by a 
capsule of cartilage—the periotic capsule. This ossifies from several 
centres, and forms the bony labyrinth and petro-mastoid. 

(iv) The Eustachian tube, the tympanum and the antrum of the 
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THE ORGAN OF HEARING 

The Nature of the Labyrinth. — ^It often happens, when we seek to 
interpret the developmental changes which give rise to an organ or system 
of the human body, that a reference to the condition seen in certaia 
groups of fishes — especially those belonging to. the shark kind, selachians 
— gives us great assistance. This is true as regards the organ of hearing. 
In a shark or ray every part of the internal ear — the labyninth with its 
semicircular canals — ^is already evolved with the exception of one part, 
the canal of the cochlea ; it is represented by a mere rudiment. The 
labyrinth of the shark is not an organ of hearing, for it is generally 
admitted that fishes are insensitive to sound waves, but for the balancing 
or orientation of the body. Most men who have investigated the nature 
of the labyrinth of fishes agree that it represents a specialization of one 
of a series of superficial sense organs set on the sides of fishes — ^the organs 
of the^ lateral line — these also being connected with the functions of 
balancing and movement. Hence we find that the labyrinth begins as 
a pocket-like invagination of the ectodermal covering in the head region. 
The essential element of the labyrinth is its ciliated epithelium ; move- 
ments of the cilia, produced in various ways, give rise to stimuli which 
pass by the Vlllth nerve to the hind-brain. The auditory or cochlear 
part of the labyrinth appeared when the landrfor ms o f vertebrates were 
evolved. In vertebrates above fishes the rudiment of the cochlea begins 
to be differentiated and an apparatus for converting sound waves into 
mechanical waves in the labyrinth is evolved. A vibrating drum is 
established in the site of the first of the pharyngeal or visceral clefts. 
We must also suppose that in the reptilian type from which mammals 
arose the mammalian form of mandible was already evolved, for it is 
from remains of the primitive cartilaginous skeleton of the lower jaw 
that the malleus and incus are differentiated in the human and 
\ ma mm alian embryo [1]. 

Structures which form the Organ of Hearing. — ^In Fig. 273 is shown 
diagrammatically the derivation of the five elements which unite together 
to make up the organ of hearing. The five elements are : 

(i) The otocyst — an area or plaque of ectoderm on the head of the 
embryo above the first visceral cleft which becomes invaginated in a 
saccular form, to become the epithelial lining of the membranous laby- 
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rintb. Some of its lining cells aie difierentiated into ciliated sensory 
epithelium. The otocyst appears remarkably early in the human 
embryo, the plaque being recognizable at the beg innin g of the 4th week, 
when only five or six body segments have become demarcated. 

(»■) A ganglion, which is also differentiated at a very early period from 
the projecting angle of the hind-brain, representing a forward continua- 
tion of the neural crest (Fig. 273). The neural cells so separated become 
the ganglia of the Vllth and VIHth nerves — the mass belonging to the 
Vlllth migrating towards and becoming closely applied to the octocyst. 



The nerve cells so applied form the cochlear and vestibular ganglia. 
Each cell sends out two processes, one to become connected with the 
epithelium of the otocyst, the other to end in groups of nerve cells in the 
floor of the hind-brain, their collective fibres forming the vestibular and 
auditory divisions of the Vlllth nerve. The development of the auditory 
nerve thus resembles that of the posterior or sensory root of a spinal 
nerve. 

(u’t) The otocyst (membranous labyrinth) becomes surrounded by a 
capsule of cartilage — the periotic capsule. This ossifies from several 
centres, and forms the bony labyrinth and petro-mastoid. 

(if) 'fhe Eustachian tube, the tympanum and the antrum of the 
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mastoid arise in connection with the pharyngeal pocket between the 
mandibular and hyoid arches ; the corresponding external cleft depres- 
sion forms the point of origin for the external auditory rdeatus ; while 
out of the tissue between the internal pocket and external cleft, repre- 
senting in position a “ cleft-membrane,” is formed the membrana 
tympani. 

(v) The hyomandihular cartilage (Fig. 208), which served primarily to 
bind the cartilages of the maxillary process, mandibular and hyoid 
arches to the base of the skull, becomes the stapes. The incus and 


I roof of meatus 

pgmer\ tympani 
.attic of tympanum 



int. aud.meat 


membrana tympani 
'tympanic pfate 


Fio. 274. 



A. A section of the External Auditory Meatus of the Adult. 

B. A section of the External Auditory Meatus at Birth. (After Symington.) 


malleus arise from the upper end of the mandibular (Meckel’s) bar of 
cartilage (Figs. 209, 213). 

In fishes the auditory apparatus is composed of the three elements 
named &st, viz. — the otocyst, gang^n and periotic cap^e. In 
amphibians, reptiles and birds a membrana tympani is developed, which 
is connected with the inner ear by an tmjoiated derivative of the hyoman- 
dibular cartilage, the columella. In mauunals a tympanic cavity, 
external auditory meatus, and auditory ossicles appear. 

External Auditory Meatus. — ^A section along the external meatus of a 
newly born child shows that it is divided by a constriction into outer and 
inner parts (Fig. 274, B). The outer part is derived directly from the 
first cleft depression ; the inner part arises during the 2nd and 3rd 
months by a solid ingrowth of epithelium, which, commencing from the 
cleft depression or pit, grows inwards until it comes in contact with the 
handle of the malleus, when it expands to form the fundus of the meatus 
(Figs. 275, 281). During the 7th month the deeper part of the meatus 
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and outer aspect of the drum arc formed by a breaking down of the 
central, and therefore older, cells of this ingrowth. Cartilage surrounds 
the part of the meatus derived from the cleft ; the floor of the deeper 
part is formed at birth by a fibrous plate continuous with the tympanic 
ring. In the adult the tympanic ring has grown outwards in the fibrous 
tissue, as we have already seen (p. 260), to form the tympanic plate and 
the inner two-thirds of the mcatal floor. The squamous part of tho 
temporal, which is developed in its roof, also grows outwards, and forms 
a thick, horizontal plate in the inner two-thirds of the meatal roof 
(Fig. 274, A and B). Over the roof lies the 3rd temporal convolution. 

The meatus is supplied in front by the nerve of the mandibular arch 
(auriculo-tcmporal branch) and also by a branch from the nerve of the 
hyoid arch — the facial. AVhy the vagus should supply it with a branch 
(Arnold’s nerve) is obscure. In fishes a branch of the vagus passes back- 



(A) /a rw m af*Ge_ (B) som m 

Fio 275. ShoAvloa the gro'nth of the External Neatal Flug and Itt relationship to the . 
tympanic recces oTUie phar]^. (Prof. Frazer.) 

wards beneath the skin on each side and supplies the sense organs of the 
lateral line. Slauy regard the auricular branch of the vagus as a vestige 
in the mammal of such a branch. 

In the newly born child the membrana tympani is so obliquely set that 
its outer surface is almost in contact with the mcatal floor (Figs. 274, B, 
281). The membrana tympani, like the internal ear, is full-size at birth. 
Its obliquity allows it to be the more easily acconunodated in the child’s 
head. With the development in length of the meatus, it becomes more 
vertical in position. The deeper part of the meatus may fail to form or 
the whole cleft may remain closed. In such cases the labyrinth is usually 
normally formed and hearing may be quite good [2J. 

External Ear.— Six elevations or tubercles appear on the mandibular 
and hyoid arches round the uppennost part of the 1st cleft depression 
during the 6th week and form the basis of the external ear (Figs. 276 and 
277). Three of these tubercles appear to grow from the mandibular 
arch and form the tragus (a), crus of the helix (6), and ascending helix (c) , 
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mastoid arise in connection with the pharjmgeal pocket between the 
mandibuJar and hjoid arches ; the corresponding external cleft depres- 
sion forms the point of origin for the external auditory meatus ; while 
out of the tissue between the internal pocket and external cleft, repre- 
senting in position a “cleft-membrane,” is formed the membrana 
tympani, 

{v) The hyomandihular cartilage (Fig. 208), which served primarily to 
bind the cartilages of the maxillary process, mandibular and hyoid 
arches to the base of the skull, becomes the stapes. The incus and 



A, A section of the External Auditory Meatus of tlie Adult. 

JJ. A section of the External Auditory Meatus at Birtli. (After Symington.) 


malleus arise from the upper end of the mandibular (Meckel’s) bar of 
cartilage (Figs. 209, 213). 

In fishes the auditory apparatus is composed of the three elements 
named &st, viz. — ^the otocyst, p;ang lion and periotic cap^e. In 
amphibians, reptiles and birds a membrana tympani is developed, which 
is connected with the inner ear by an unjointed derivative of the hyoman- 
dibular cartilage, the columella. In mammals a tympanic cavity, 
external auditory meatus, and auditory ossicles appear. 

External Auditory Meatus. — A section along the external meatus of a 
newly born child shows that it is divided by a constriction into outer and 
inner parts (Fig. 274, B). The outer part is derived directly from the 
first cleft depression ; the inner part arises during the 2nd and 3rd 
months by a solid ingrowth of epithelium, which, commencing from the 
cleft depression or pit, grows inwards imtil it comes in contact with the 
handle of the malleus, when it expands to form the fundus of the meatus 
(Figs. 275, 281). Dining the 7th month the deeper part of the meatus 
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Muscles of the External Ear ate derived from the platjsma sheet and 
are supplied by the nerve o£ that dieet— the Yllth or facial. The part 
of the platysma which surrounds the external meatus and acts on the 
ear appears to have been the first of the facial muscles to be evolved. 
The ear muscles are not so reduced in man as in some other primates, 
such as the orang [3]. 

Eustachian Tube.— The Eustachian tube has usually been regarded as a 
derivative of the first of the inner cleft recesses— a diverticulum of the 
lining membrane of the primitive pharjmx between the mandibular and 
hyoid arches. Prof, Frazer [6] made a thorough inquiry into its develop- 
ment, and found that its origin is more complicated than was supposed. 



A Tlw rioot of tlw PtuiTyTv^^»B'lTOa»'Embt50 S«e<kaol4 

TUs vuceT*l arch«s (l, ll, ill, iV, V) »ie cut »crosi and the inner cleft recesses 
Indicated. 

S The Floor of the Pharynx of a Iluinan Foetus 7 weeVa old. showing the ongla of 
the Uustachlaa tube by an evaglnatlou of the phat^-nx opposite the 2nd ot byt^d 
Tisceral arch. T, rudiments of tongue on floor of pharynx , L, larjiLX. 

In Fig. 278, the left half of the floor of the pharynx of a human embryo, 
five weeks old, is represented. Between the lat and 2nd and between 
the 2nd and 3rd arches the lining mucous membrane of the pharynx is 
seen to dip outwards and at first is actually in contact with the ectoderm ; 
as yet there is no sign of Eustachian tube or of tympanum, In-Fig. 278, 
B, the opposite half of the floor of a pharynx towards the end of the 
2nd month of development is shown ; the basis of the Eustachian tube 
and tympanum is now apparent as a wide recess between the 1st and 
3rd arches, the hyoid arch having been thrust into the outer wall of the 
recess. The oblique fold fomung the roof and posterior wall of the 
Eustachian tube is formed by the forward growth of the substance of 
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tliree from the hyoid to form horizontal helix {d), descending helk (e), 
antitragus (/ ) and the lobule, which is part of the antitragal elevation [3], 
During the latter part of the 2nd month and first part of the 3rd, the 
pinna begins to assume its definite form. The tubercles of the cms 
helicis (b) and of the descending helix (e), which gives rise to the anti- 
helix (g), send out processes that cross the upper part of the cleft and 
obliterate it, while the neighbouring tubercles fuse to form the definite 
parts of the ear. The helical margin of the ear is markedly raised and 
folded at the end of the 3rd month — a condition which may pass un- 
changed into adult age. The auricular tubercles may not fuse completely 
and thus leave fistulae between them. Such fistulae are commonly seen 
between the tragus and root of the helix, or between the antihelix and 



Fig. 276. . Fig. 27". 

Fig. 276. The Tubercles wliich arise round tlic upper part of the First Visceral Groove 
to form the External Ear. (After Streeter.) 

Fig. 277. Showing the parts of tlic Ear formed by eacli Tubercle, a, tragus ; b, crus 
of helix ; c, ascending helix ; d, horizontal lielLx ; c, descending helix ; /, anti- 
tragus ; /', lobule ; g, antihelix ; J).T., Darwin's tubercle. 

the helix [4]. Only the tragus is supplied by the third division of the 
Vth (Wood- Jones), while the sensory fibres for the remaming parts 
come from the find cervical by the great auricular and small occipital 
nerves [3]. 

Darwin’s Tubercle [5J. — The human ear appears to be derived from a 
form in which the margin was pointed at the posterior superior angle, 
such as is seen in many of the lower forms of apes and mammals generally. 
With the retrogression of the posterior border or descending helix and 
increased development of the antihelix in the human ear, the posterior 
Tna Tgin became infolded ; hence the tip appears as a tubercle on the 
inturned margin or welt of the human ear (Eig. 277, D.T.). The small 
size and restricted mobility of the external ears of higher primates result 
from the free manner in which these animals can turn theh heads in the 
direction of sounds. 
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tympanic recess, in vrliicli are represented botli 1st and 2nd pharyngeal 
pockets, extends outwards and backwards, the gelatinous tissue is 
absorbed, so that, in the later months of development, the malleus and 
incus and developing stapes, with the chorda tympani, become sur- 
rounded by the endodermal lining of the recess and thus appear to lie 
within the cavity thus formed — the tympanum. The tympanic plate 
forms the floor of the tympanum, the membrana tympani and squamosal 
its outer wall, while the petro-mastoid forms its inner wall and roof 
(Fig. 280). The nerve of the 2nd arch— the facial— lies in its inner or 
mesial wall. Attached to this wall is a derivative of the hyoid arch — 
the stapes. That part of the tympanum which lies above the level of 
the membrana t 3 nnpani is named the attic, and contains the head of the 
malleus and body of the incus (Fig. 274). 

In carnivora and some other mammals the floor of the tympanum. 



formed by the tympanic plate, is inflated into a bulla, the tympanic 
bulla. Its meanmg is unknown, but when a bulla is developed the 
antrum of the mastoid is small or absent [7]. 

Auditory Ossicles. — ^In the 3rd month the auditory ossicles become 
clearly differentiated in cartilage within the mesodermal tissue between 
the meata! recess on their outer side and the Eustachau recess on their 
inner. Concerning their development, the exact researches of Bio- 
man [8], of Hammar, and of Jenkinson [9] give us a very full account. 
The malleus represents the upper or artic^ar end of Meckel’s cartilage 
(Figs. 282, 213); the incus, developed beyond^the articular end of 
Meckel's cartilage, represents the cranial articular base— the quadrate of 
lower vertebrates. The stapes (Fig. 283) is developed at the upper end 
of the hyoid arch, the sides of the stirrup being formed round fhe dorsal 
end of the artery of the hyoid arch. Even in the 4th month of develop- 
ment the expanding cavity of the tympanum has only reached the handle 
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year the antrum may be buried by a plato of bone 20 mm. thick or more. 
There is a great in^ndual variation, however, in the thickness of its 
outer wall. The antrum lies above and behind the level of the external 
auditory meatus ; the post-auditory spine and supra-meatal triangle 
formed by the post-auditory part of the squamosal lie over it and serve 
as surface guides to it. The antrum opens in front into the attic of the 
tympanum. The tegmen tympani (Fig. 285) forms its roof and the 
petro-mastoid its floor and inner wall. The canal for the Vllth nerve 
runs down the inner wall of its mouth (Fig. 285), and in its inner wall is 
situated the external semicircular canal. The petro-squamosal suture 
in its roof (Fig. 284) and the masto-squamous suture oa its outer wall 
(Fig. 216, p. 261) become closed in the second year, and thus the escape 
of pus from it is rendered more difficult. The rudiments of the mastoid 
cells are already present as evaginations or pits of the antral lining at 
birth (Arthur Cheatle). 

Fctro*Squamous Sinus. — We have seen (p. 200) that the primitive vein 
of the head, part of which persists as the cavernous sinus, escapes from 
the cranial cavity Just in front of the auditory capsule. Before escaping 
from the skull it receives a tributary from the hind-brain — which after- 
wards occupies the petro-squamous suture. This vein, frequently of 
considerable size, runs forwards from the lateral sinus, and commonly 
ends in a tributary of the middle meningeal vein. It receives, as it runs 
along, venules from the antrum and attic and may be the means of 
carrying infection from the middle ear to the lateral sinus or to the 
meningeal veins (Cheatle). The petro-squamous sinus may open in man, 
as it does in mammals generally, at the post-glenoid foramen, situated 
at the outer end of the Glasserian fissure, near the base of the zygoma. 
The vein thus emerging may represent the primitive vein of the head. 

Membtana Tympani. — As may be seen from Figs. 275, 279, the mem- 
brana tympani is of very considerable thickness until the gelatinous 
tissue in the tympanum is absorbed. It has an inner covering of 
endoderm and an outer of ectoderm. In the mesodermal tissue between 
the coverings lie parts of the malleus, incus and chorda tympani. As the 
gelatinous tissue round the fundus of the Eustachian recess is absorbed 
during the later months of foetal life, the membrane lining the tympanum, 
becomes closely applied to and almost surrounds the handle of the 
malleus and chorda tympani. The membrana tympani is supported 
by the tympanic ring, the age changes of which have already been dealt 
with (p. 260). The membrane contains tissue derived from both 
mandibular and hyoid arches, and hence receives nerves and vessels 
from both. In tadpoles the cartilaginous ring in which the membrana 
tympani is set “ induces ” the ectodenn and other overlying tissues to 
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of tlie malleus (Fig. 281). The upper part of the drum (pars flaccida) is 
not yet differentiated. The attic, antrum, head of the hammer and body 
of the incus are still outside the cavity of the tjrmpanum. 

The Antrum of the Mastoid represents the extreme outer or posterior 



FlO. 281. Fio. 282. 

FlQ. 281. Section of the External Auditory Mc.itus, Dnim nnd Tympanum of a Human 
Foetus in tile 4Ui montli of development. The mcatal plug fills the deep part of 
the meatus nnd only the handle of the lianimcr is in the tympanic cavity. (After 
Broman.) 

Fig. 2S2. The Auditorj’ Ossicles of the Left Side, seen on their Inner Aspect, during 
the 3rd month of development. (After Broman.) 


end of the chamber derived from the extension of the Eustachian recess 
(Figs. 279, 280, 281). It is formed during the 6th and 7th months by an 
expansion of the tympanic cavity upwards and backwards in the sur- 
rounding mucoid tissue. Its use is uncertain, but it has frequently to be 
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Fig. 283. The Temporal Bone at birth, showing the formation of the Antrum between 
the sctuamosal and petro-mastoid. 

Fig. 284. A transverse section showing how the Walls of the Antrum are formed. 
FIG. 285. Showing the outer aspect of the Petro-mastoid at birth after the squamosal 
is removed. 


exposed^ by the surgeon to remove the effects of chronic middle-ear 
disease. At birth its outer wall is formed by the thin post-auditory 
part of the squamosal (Figs. 283 and 284). The squamosal forming its 
outer wall is then only 2 mm. thick, but every year until the 20th, or 
later,^this plate increases nearly 1 mm. in thiclmess, so that bythe 20th 
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currents in the semicircular canal as the head is moved, and so too do 
the movements of the stapes. The neuioblasts of the vestibular and 
cochlear ganglia, like those of a posterior root ganglion, send one set 
of processes to receive impulses arising in ^e hair cells and another set 
to transmit these impulses to nerve stations situated in the hind-brain. 
The hair cells thus become connected with the hind-brain by the auditory 
nerve fibres of the cochlear and vestibular ganglia. The otocyst clearly 
represents a sense organ which was primarily situated in the skin and 
through its hair-like processes was sensitive to stimuli which gave 
information regarding the position and movements of the body. Its 
auditory function arose at a later stage. 

In the lower vertebrates, as in the earlier embryonic stages of the 
higher mammals, the otocyst is of a saccular form with a stalk above 
— the duclus cndoI^Tup/iottcus [10] (Fig. 287). The simplest form of 



Fia. 287. The Otocjst In &a Embrjo of S wwl.*; It shows a demarcation into the 
rrimary parts of the tDembranous labyrinth 

vertebrate otocyst is seen in the lamprey ; the superior and posterior 
semicircular canals are present, but, as in the mammalian embryo, the 
primitive cyst is undivided into utricle, saccule and cochlear canal. 
The semicircular canals grow out from the vesicle as fiat, hollow plates, 
but only the circumferences of the plates persist, the centres disappearing. 

The development and difierentiation of the human otocyst have been 
closely studied by Dr. G. Streeter [11]. In Fig. 288 three stages depicted 
by him are represented. In the 5th week there are three parts : (t) the 
ductus endolymphaticus, at one time regarded as the stalk which con- 
nected the cyst with the surface of the head, but now imown to be an 
outgrowth formed after the stalk is obliterated ; (u) the vestibular 
pouch or part; (tu) the cochlear pouch or rudiment. By the 6th week 
a higher stage of difierentiation is reached ; all the parts of the adult 
labyrinth are indicated — the ductus and saccus endolymphaticus (both 
of uncertain import) ; the scmicircnlai canals, with their ampullae ; the 
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undergo differentiation diuring development, recalling the “ evocation ” 
of the lens by the optic cup. 

Membranous Labjointh. — The minute otic vesicle, which sinks under 
the ectoderm of the embryonic head, just above the dorsal end of the 
first visceral groove, early in the 4th week, has become divided by the 
beginmng of the 3rd month into the complex of structures shown in 
Fig. 286. The labyrintb thus formed is made up of : (t) the utricle ; 
{ii) three semicircular canals opening into the utricle ; {in) the saccule ; 
{iv) a Y-shaped canal uniting the utricle and saccule — ^from the stem 
of which springs the ductus endolymphaticus (all of the foregoing parts 
constitute the vestibular or balancing part of the labyrinth) ; (u) 'the 
cochlear canal — ^the part connected with hearing. The labyrinth, as 



Fiq. 280. Diagram of the Membranous Labyrinth. 


we have just said, has a simple as well as a very early beginning. A 
certain area or placode of ectoderm, situated above and behind the first 
visceral groove and lying against what are regarded as the 4th and 5th 
neuromeres of the hind-brain (Figs. 101, 118) becomes invaginated 
during the 4th week. In this manner, and at this early date, there is 
formed a simple closed pyriform sac, the otocyst, which becomes sur- 
rounded by the tissues of the mesodermal capsule, of the brain. The sac 
contains a fluid, the endolymph, and also otoliths are formed in it later. 
The otocyst lies at first close to the side of the hind-brain with the 
ganglionic mass belonging to the VHth and Vlllth cranial nerves to its 
inner and anterior side (Fig. 118). The epithelial cells lining it, all of 
which are originally columnar, soon become flattened, except in certain 
areas, where they retain the columnar form and develop hair-like pro- 
cesses; The hair-like processes are to serve as levers and become 
capable of being moved by various means to evoke nerve stimuh. 
Under the influence of gravity otoliths serve to move them •__so do the 
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cocUear part— surrounding the cochlea. The course of the facial nerve 
indicates approximately their line of muon. The cartilage of the 
cochlear part fuses with the parachordal or basilar cartibge ; the vesti* 
bular part becomes continuous with the occipital plate (see p. 218}. 
The otocyat has the power to “ induce ” the mesoderm that surrounds it 
to imdergo chondrification [13]. 

Perilymph System. — The tissue which immediately surrounds the 
membranous labyrinth does not undergo chondrification, but becomes 
converted into an open meabwork of cells, the intercellular spaces 
containing perilymph. The chief or vestibular cistern of the perilym- 
phatic system is formed round the saccule and utricle. In its tympanic 
or outer wall (Fig. 285} there is an oval area in which the fenestra ovalis 
and foot plate of the stapes are formed. Streeter [14] found that the 
vestibular cistern is the first to form, commencing at the stapedial plate 
when the foetus is SO mm. in length (11 weeks old) ; an extension grows 
out along one side of the cochlear canal to form the scala vestibuU, 
Another area of the inner tympanic wall remains unchondrified, subse- 
quently subdivided to form the fenestra rotunda (Fig. 285) and the 
aguedurtus cochleae. In the llth week a second cistern — the scala 
(ipnpant— begins to form at the fenestra rotunda, growing along the 
side of the cochlear canal, opposite to the scala vestibuli, thus bringing 
that canal to lie between two perilymphatic spaces. The vestibular and 
tympanic extensions meet and fuse at the top of the cochlear canal, at 
the end of the 3td month, thus forming the helicotrema [15]. 

Ossification of the Petro-mastoid. — ^About the end of the 4th month, 
when the labyrinth is not only differentiated hut has attained its full 
dimensions, a series of ossific centres appear in the periotic capsule [IG] ; 
one of these, the pterotic, gives rise to the bony tegmen tympani which 
forms the roof of the antrum, tympanum and Eustachian tube ; the 
petro-squamous suture marks its outer edge ; the hiatus Fallopii marks 
its ]unction with a second centre — ^the opisthoii'c. The centre forms the 
posterior or vestibular half of the petrous bone. The pro-oric forms the 
anterior or cochlear half ; the mastoid part, which appears on the 
surface of the skull, is ossified from the epiotic centre. While the greater 
part of the petro-mastoid is formed in a cartilaginous basis, the dense 
layers which form the immediate bony capsule of the labyrinth, the 
modiolus and lamina spiralis of the cocUea, are laid down by the lining 
membrane of the perilymphatic space [17]. 

The Mastoid.— The mastoid part of the petro-mastoid is flat at birth ; 
about the 2nd year the mastoid process appears as a slight knob, and it 
gradually grows downwards to form a cephalic lever for the sterno- 
mastoid, splenius and trachelo-mastoid muscles. TIio i>criod of its 
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utricle and saccule. All of these are derived from the vestibular part 
of the otocyst. The cochlear rudiment has extended into a bent canal, 
and its communication with the saccule has become constricted to form 
the canalis reumens. In the 10th week all parts are present, almost in 
their adult form. The utricle and saccule are now separated and only 
commumcate by means of the ductus endolymphaticus [12]. The 
cochlear canal has assumed its spiral form. 

The primitive utricle or vestibular pouch, which represents the main 
part of the otocyst, becomes subdivided into the saccule and utricle 
(Fig. 288, C, C', C"). The division occurs at the entrance of the endo- 
lymphatic canal, which thus comes to open into both saccule and utricle. 



Fig. 288. Tlircc stages in the development of the Human Membranous Labyrinth. 
A, at the end of the 5th week ; B, at the end of the 6th week ; C, at the end of the 
loth week. (Streeter.) 


The endolymphatic duct is enclosed in the petro-mastoid, its extremity 
appearing at the hiatus vestibuli, where it ends beneath the dura mater 
in a dilatation. The cochlear canal (scala media), the real auditory 
part of the labyrinth, although late in point of evolution, is not late m 
its developmental appearance. There is merely a rudiment of the 
cochlea in fishes and in amphibians. In reptiles, birds and monotremes 
it is a straight canal — the Lagena, Only in mammals is it arranged 
spirally. In it the organ of Corti is developed. 

Periotic Capsule. — The mesoderm surrounding the membranous laby- 
rinth and dorsal aorta (internal carotid) becomes cartilaginous at the 
end of the 2nd month of foetal life, forrning the periotic capsule (Fig. 279). 
There are two centres of chondrification, one for the vestibular part 
surrounding the vestibular division of the labyrinth, and one for the 
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Organ ol Corti.— In Fig. 289 is given a diagrammatic section across the 
cochlear canal to show the manner in which its ectodermal lining is modi- 
fied to form the organ of Corti— the machinery concerned in producing 
auditory stimuli. The canal has become three-sided — one side lying 
against the scala vestibuU (vestibular wall), another against the scala 
tympani (tympanic wall), the third being peripheral or outer. The 
ectoderm on the vestibular wall atrophies and disappears — the fibrous 
base forming Eeissner’s membrane. The ectoderm on the outer wall is 
modified to form a secretory apparatus — the vascular body (striae 
vasculares) [18]. On the tympanic wall the ectoderm is modified to 
form : (a) hair or sensory cells ; (6) supporting or pillar cells — compar- 
able to neuroglial cells in the spinal cord, and fibres of Muller in the 
retina ; (c) tectorial cells, producing a peculiar cuticular substance, 
which forms the tectorial membrane — in which the hair process of the 
sensory cells are embedded. The auditory nerve fibres commence 
round the hair cells [19]. 

In the saccule, utricle and ampullae of the semicircular canals, the hair 
cells are planted on a fixed base, their hair-like processes being moved by 
otoliths acting under the influence of gravity, or by currents set up in 
the semiciiculat canal. The hair cells of the cochlea, on the other hand, 
are planted on a movable base — the basilar membrane, which responds 
to every movement of the stapes, because of the displacement of peri- 
lymph in the adjoining scalae. The tectorial membrane bends the hair- 
like processes ^dth every movement of the basilar membrane, because 
the tectorial membrane is attached to a fixed base on the spiral bony 
lamina while the hair cells rest upon a movable one. 

Ganglia oi the Labyrinth. — ^The origin of the mass of nerve cells lying 
between the otocyst and hind-brain has already been mentioned (p. 323). 
They arise from the neural crests and from adjoining placodes. The 
ganglionic mass becomes divided into three parts ; (*) the geniculate 
ganglion of the facial nerve, which is included in the petro-mastoid, but 
has no functional relationship to the labyrinth ; it gives rise to the great 
superficial petrosal nerve, chorda tympani and pars intermedia (root 
part of ganglion) in the same manner as a ganglion qf the posterior root 
produces the sensory fibres of a spinal nerve (Dixon) (Fig. 118) ; {ii) the 
vestibular part — applied to the vestibular portion of the labyrinth ; 
(rii) the cochlear part, which becomes applied to the cochlear canal 
(scala media). The difierentiation of the vestibular and cochlear 
ganglionic masses proceeds at the same rate as the development of the 
membranous labyrinth [20]. 

In Fig. 290 four stages in the differentiation of the nerve equipment 
of the ear are reproduced. The figures are those of Dr. George 
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most active growth is marked by the eruption of the permanent teeth. 
In anthropoids the mastoid grows out as a flat, wing-shaped process 
continuous with the occipital crest, and thus increases the basal area of 
the slcull on which the neck muscles are inserted (Fig. 179). The- post- 
auditory process of the squamosal forms a -considerable part of the 
mastoid process ; it reaches to the apex and forms the anterior border 
(Fig. 216, C), As the mastoid process grows the diploic spaces within 
it enlarge into air spaces. Those round the antrum come to open into 
it, but the more distal remain closed. These spaces occupy- the whole 
of the mastoid part of the temporal, but they also extend forwards in 
the post-auditory process of the squamosal, and may spread backwards 
to the occipital. Three varieties of mastoids are recognized : («) dense 



(After Keibel.) 

processes in which the air cells are minute or absent (infantile type of 
Cheatle) ; {ii) a type containing numerous large spaces (pneumatic) ; 
{in) an intermediate type with large cells round the antrum and a few 
small ones near the surface. The third type is the commonest. 

Moccular or Subareuate Fossa. — At birth there is a fossa situated on 
the posterior aspect of the petro-mastoid. It is filled with a process of 
the dura mater in the human embryo, but in all except the highest 
primates it contains the paraflocculus (Fig. 113), a part of the cerebellum 
which is quite vestigial in man. The posterior semicircular canal 
surroimds the fossa. This is the condition in most mammals throughout 
life, but soon after birth the fossa becomes closed in man, merely a 
remnant being seen above and internal to the hiatus vestibuli in the bone 

of the adult. 
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vestibular and cochlear ganglia correspond to those of posterior spinal 
roots. The nuclei or centres in -which the vestibular and cochlear roots 
end correspond to those in which fibres of the spinal roots end— the 
gracile and cuneate nuclei of the spinal cord. The relays from the 
vestibular nuclei differ from those of the cochlear nuclei in the following 
way. The relays from the vestibular nuclei proceed to the cerehellum, 
to centres that preside over the movements of the eyes (by the longi- 
tudinal bundle) and to the motor centres of the spinal cord (vestibulo- 
spinal tracts). The relays from the cochlear nuclei, like those from the 
gracile and cuneate nuclei, proceed to the thalamus, to that part of it 
known as the median geniculate bodies [22] ; and also to the inferior 



FlQ 202 Lateral ^lew of the Ccwbnim of Foetus Jn the 7th month or development. 
tnetUus ) Ihe auhiUMCiuory area oo Deschl'a gjrt U stippled. 


colliculi of the mid-brain. In this the cochlear relays resemble the 
termination of the optic tracts in the lateral gcniculates and superior 
colliculi. The bipolar cells of the retina correspond to the cells of the 
cochlear nuclei. 

Nerve Centres, (t) Cochlear or aadiloty.—Bj’ the end of the Bth 
K-eefc (Fig. 2D1) the ingrowing root fibres of the cochlear ganglion have 
reached a central mass of nerve cella (central cochlear mass) developed in 
the alar lamina of the hind-hrain. The Central cochlear ganglion gives 
rise to the acoustic tubercle (situated on the restiform body) and a lateral 
accessory nucleus on the outer aspect of the restiform body. By means 
of the lateral fillet the cochlear central stations are united irith the 
superior olive, inferior colliculns (mid-brain) and internal or medial 
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Streeter [21] and represent stages in the 1st, 2nd and 3rd months of 
development. Towards the end of the 1st month the cochlear part 
becomes apparent (A) ; in the 2nd month this part is midergoing rapid 
growth (B) ; early in the 3rd month (C) it has assumed a spiral form, and 
lies ■nithin the spiral lamina of the cochlea, and hence is often named 
the spiral ganglion. The cells of the spiral ganglion send out two sets 
of processes — ^to the organ of Corti (peripheral fibres), to cochlear nuclei 
situated in the hind-brain (root fibres). The cochlear fibres form the 
lateral root of the Wllth nerv'^e. The vestibular ganglionic mass becomes 
subdivided into a dorsal mass — connected with the areas of sensory cells 



Fig, 290. The Differentiation of the Ganglion of the Labyrinth. (Streeter.) 

A. The otocyst and ganglion ofa human embrj’o in the 4th week. In the 5th week. 
The parts are those of the left side, and are viewed on their lateral aspect. JS. From 
a foetus in the 7th week (16 mm. long). C. From a foetus in the 9th week (30 mm. 
long). 

1. Nerve to ampulla of superior canal. 3. Nerve to utricle. 

2. Nerve to ampulla of lateral canal. 4. Nerve to saccule. 

6. Nerve to ampulla of posterior canal. 

A. Cochlear ganglion. Cochlear nerve. 

B. Vestibular ganglion. i?>. Vestibular nerve. 


in the utricle and the ampullae of the superior and external semicircular 
canals (Fig. 290, 1, 2, 3), and a lower or ventral mass, which sends fibres 
to the saccule and posterior semicircular canal. The vestibular ganglion 
is lodged in the fundus of the internal auditory meatus. Its ingrowing 
or centripetal fibres form the mesial root of the Ylllth nerve, YHiile 
the cochlear root enters the floor of the 4th ventricle superficial to the 
inferior peduncle of the cerebellum, the vestibular or mesial root passes 
deep to it. The lateral or cochlear root is connected with hearing, the 
mesial or vestibular with balancing. 

As an introduction to the paragraphs that are to follow, it may be 
well to remind readers that in the ear there are structures serving two 
different offices, one very old (the vestibular) and one recent from an 
evolutionary point of . view (the auditory). We have seen that the 
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the ear m the living embryo without being struck by their developmental 
behaviour. Otocyst and ganglia seem to seek out each other and come 
together ; nerve centres and nerve communications become established 
in the hind-, mid- and fore-brains ; finally a connection is established 
between the thalamus and pallium or cortex. We must note, too, that 
parts of the fiali-Uke pharynx and of the piscine apparatus of mastication 
have been taken over by the organ of hearing. Of the evolutionary and 
developmental means of brin^g about these structural and adapta- 
tional changes we have still much to Icam. 

Summary. — ^A study of the development and evolution of the human 
ear leads to the following conclusions : 

(i) That the otocyst was originally an external sense organ connected 
with the balancing of the body ; it became encysted above the 
Ist visceral cleft, and part of it became sensitive to sound 
waves. 

(it) Parts of the dorsal laminae of the hind-brain were connected with 
it, and from those were developed the acoustic ganglia and 
nuclei, and probably also the cerebellum (see pp. 133, 150). 

(iti) The 1st and part of the 2nd clefts were modified in air-breathing 
forms, to become air passages for transmitting sounds. 

(tv) Parts of the skeletal bases of the Ist and 2nd visceral arches 
became the auditory ossicles. 

(v) The external ear represents a new structure which arose round 
the upper part of the 1st visceral cleft. It came with the 
evolution of mammals. 

Notes and References 

[1] For the development and evolution of the ear, see Streeter, Q. L., Jour. 

Exp. Zool., 190Q, a, 543 ; 1901, 4 , 431 ; 1914, 15, 149 ; Amer. Jwf. AnaL, 1907, 
6, 139 ; 1907, 7, 337 ; Keith, Sir A., New Theory of Hearing, 1920 ; 

lYazcr, J. E., Slatiual of Enjiryology, 1940 ; Evans, H. M., Proc. Boy. Soc., 1932, 
111 (B), 2i7 (hearing in fishes). 

[2] Frazer, J. S., Arehiv. Oidlaryny., 1931, 43, 1. 

[3] For the development of the external ear, see Streeter, G. L., Conlrib. Emb., 
1932, 14, 113. Prof. Wood- Jones, in reporting with Mr. Wen i’Chuan on the 
occurrence of congenital fistulae in the earn of Chinese {Jour. Anat., 1934, 68, 
S25), expressed the opinion that the tragus waa the only part of the external ear 
which is of mandibular origin, the remainder arising from tissues of the hyoid 
arch. The tragus alone b supplied by the nerve of the mandibular arch. FistuJae 
occur usually either above or below the tragus, in the line of the hyo-mandibular 
cleft. The distribution of the btanchea of the facial nerve support Wtxjd-Joncs’s 
view (see Fujita, T„ Anal. Anz.. 1934, 78, 321). So, too, do observations by 
J. P. Scott on the ear of the guinea-pig {Amer. Jour. Anat.. 1930, 60, 397). 

[4] For literature on fistulae of the auricle, see Maria de Olivera, Trab Soc 
PoTiuq. Anlrop. Etnd.. 1921, 1. 85; Pcaaer, J. S., see under note (2] ; Conedon 
and Others, .dmer. Jour. Anat.. 1932. 51 , 439 (470 cases) ; Wood-Jones. F see 
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geniculate body (thalamencephalon) of the opposite side. Projection 
fibres connect the geniculate body with the cortex of the 1st temporal 
gyrus (see Eig. 142). Heschl’s g}Tri (audito-scnsory) of the 1st temporal 
convolution are already apparent at the beginning of the 7th month (see 
Fig. 292). The cortex of these gjuri, with the neighbouring area of the 
Ist temporal, receives the fibres from the internal geniculate nucleus, 
and forms the audito-sensory areas [23]. It is highly probable that the 
cortex of the greater part of the temporal lobe forms association areas, 
for the interpretation of sounds. The auditory centres are necessarily 
connected with the centres for sight, movement and speech, but the 
development of these connections is as yet imperfectly known. 

(n) The ingrowing fibres of the vestibular ganglion pass beneath the 
mferior peduncle of the cerebellum to terminate in the nerve cells of the 
deeper nuclei in the floor of the 4th ventricle known by the names of 
Bechterew and of Deiter (Fig. 291). These nerve cells and fibres are in 
no sense auditory, but concerned with the balancing of the body. The 
vestibular nuclei on the floor of the 4th ventricle are connected, by the 
posterior longitudinal bundle and other tracts, with motor nerve centres 
situated in the central system, from the oculo-motor nucleus above 
to the sacral centres below. Through the inferior peduncle of the cere- 
bellum, the nuclei in which the vestibiilar root ends are also connected 
with both the vermis and lateral cerebellar lobes. The cerebellum and 
acoustic ganglia arise from the same part of the hind-brain ; there is a 
close developmental relationship between the origin of the vestibular or 
balancing part of the ear and the cerebellum. 

Internal Auditory Meatus. — ^The internal auditory meatus is formed 
round the Vlllth nerve, its ganglia, and the Yllth nerve. The falciform 
crest separates the fibres of the dorsal and ventral parts of the vestibular 
nerve. The meatus also contains a prolongation of the arachnoid an 
subarachnoid space. Fractures of the base of the skull frequently cross 
the petro-mastoid in the line of the internal auditory meatus, vestibule 
and membrana tympani. In such cases the cerebro-spinal fluid an 
perilymph may escape by the external auditory meatus. 

Machinery of Development. — ^The otocyst has within it the power o 
differentiation ; when excised from a chick embryo of three days an 
grown in artificial media, the otocyst passes through the normal stages o 
development [24]. Dr. George Streeter [25] observed that the otocyst o 
the tadpole possessed the power to change its position, and carried out 
experiments to test its ability to recover a normal position after dis- 
turbance. The otocyst has such powers, and seems also to be able to 
compel the mesoderm in which it may be placed to form a cartilaginous 
capsule [26]. One cannot observe the assemblage of the parts that form 

\ 



CHAPTER XVIII 
PHARYNX AND NECK 


In previous chapters the ori^n of various pharyngeal structures has 
been touched on. We have seen that a forward prolongation of the 
archenteron during the 3rd week gives rise to the fore-gut (Fig. 21), that 
the anterior or pharyngeal part of the fore-gut is separated from the 
primitive mouth or stomodaeum by the oral plate (Fig. 129), that the 
notochord is laid down along the dorsal wall of the pharynx (Fig. 129) 
and that the heart lies imder its floor, while the aortic arches encircle 
it (Fig. 101). Mention has been made of its cartilaginous skeleton 
(Fig. 181), of the segmentation of its mesoderm (Fig. 180) and of its 
nerves (Fig. 118). In this chapter we have to knit these isolated state- 
ments together by following the developmental changes that transform 
the simple fish-like pharynx of the embryo into the complex of structures 
found in the neck and throat of the adult. 

Evolution of the Pharyngeal Re^on. — In the latter part of the 1st 
month and opening part of the 2nd, the neck of the human embryo 
undergoes a very remarkable transformation. In the 6th week, when 
the human embryo is about 5 mm. in length, representations of gill or 
branchial clefts and gill or ^anchial arches are plainly to be seen in the 
region of the neck or pharynx (Fig. 293) ; the elevation caused by the 


heart teaches forward almost to the maudibulac arch J properly speaking, 
T,« ,11 1- - ' hr^ly^ 
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the fore-gut to form the larynx, trachea, bronchi and Jungs (Fig. 295). 
On passing from the 6th to the 7th week of development, we see the 
human embryo evolve from a stage in which the parts are adapted for 
a branchial respiration, as in fishes, to a higher one in which its parts 
arc fitted for breathing air. Pharyngeal glands, such as the tonsil, 
thjToid and thjTnus, originally developed in connection with the visceral 
or gill arches, become modill^ in structure and position to suit the new 
conditions of life. With the evoluffon of the mammahaa method of 
mastication and BwaUowmg, the pliMyux, originally a respiratory 
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pbar}Tix is boiuidcd by viscera? or pharyTtgeal arches [1], which arc 
separated by depressions or grooves (human embryos) or clefts (fishes) ; 
in both the heart is situated under the pharynx, and from the ventral 
aorta, aortic arches pass up on each ^de, one in each visceral arch, to 
terminate iS the dorsal aortae. It is true that all the aortic arches are 
not present in the human embryo at one time : the anterior disappear 
as the posterior form. In fishes the aortic arches give ofi vessels to the 
gills, in which the blood is arterialized. In the human embryo the 
blood passes directly through the aortic arches. The walls of the 
pharynx were, therefore, primarily respiratory in function. 

A considerable part of the human neck is formed from the embryonic 
visceral arches. A knowledge of the transformation of the embryonic 
to the adult pharynx is of practical importance : it helps us to understand 
why fistulae and cysts are sometimes found in the neck; it accounts 
for the peculiar course taken by nerves such as the recurrent laryngeal 
and phrenic ; it explains the peculiar distribution of nerves to the 
pharjmx ; and throws light on the nature and anomalies of the thymus, 
th 3 rcoid and tonsil. As may be seen from Fig. 293, the floor of the 
pharynx of the human embryo rests on the dorsal wall of the pericardium ; 
in the adult the pharynx and pericardium are separated by the whole 
length of the neck. This separation begins at the end of the 6th week. 

Visceral Arches.— 'The visceral arches bound and form the whole 
thickness of the wall of the primitive pharynx, which is flattened dorso- 
ventrally, so that its cavity forms a transverse cleft when seen in cross- 
sections of the embryo. Four arches, each bounded behind by a depres- 
sion, are to be recognized superficially on each side of the pharynx of 
the 5th-week human embryo (Fig. 293), but behind the 4th groove are 
5th and Gth arches, which, however, never become raised or superficially 
difierentiated from the body-wall behind (Fig. 29G). Sagittal and coronal 
sections of the primitive pharynx (Figs. 295 and 29G) give a better idea 
of the arrangement and constitution of the visceral arches than can be 
had from a surface \’iew. They are developed round the most anterior 
part of the fore-gut, which forms the lining membrane of the primitive 
pharynx. The pharyngeal lining membrane, therefore, is the same as 
that of the alimentary canal from which spring all the organs and glands 
of digestion and assimilation. 

Visceral Grooves and Recesses.— The epithelium or endoderm, which 
lines the primitive pharynx, covers the inner aspects of the arches and 
passes outwards in the recesses between them, and there, for a short 
time, comes in contact with the epithelial covering of the body (ectoderm), ' 
which dips in to meet it (Fig. 296). The membrane thus formed by the'! 
union of the ectoderm and endoderm in the recesses between the archest 


344 HUMAN EMBRYOLOGY AND MORPHOLOGY 

structure, was further modified. The tongue became differentiated 
from parts in the floor of the pharjoix, and muscles which were at first 
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FlQ. 203. Showing the Arches and Grooves on the Pharjugcal Wall of a Human Embryo 
at tho beginning of the 5th week. Each arch contains an aortic arch. (After His.) 

designed to move the branchial arches became converted into muscles 
of deglutition. 

Pharynx of the Embryo. — ^There is very little resemblance between the 
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Fig. 294. Showing the position of the Heart, Visceral and Aortic Arches in a Fish. 
(Diagrammatic — after Gegenbaur.) 

pharynx and neck of a human embryo in the 4th week and that of the 
adult. Indeed at this time the human pharynx, resembles closely that 
of a fish (Figs. 293, 294). In both the human embryo and fish the 
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" cleft depression,” on its inner side a “ pharyngeal recess,” presently 
developed into a pouch. From the cadodcrmal lining of the pharyngeal 
pouches we shall see that the tonsil, thyroid and thymus arise : from the 
external depressions are formed the various branchial cysts and fistulae 
I which occasionally occur in the neck of the adult. Further, at the upper 
‘end of each cleft depression there develop remarkable sense-organs, 
\laiown as the epibranchial placodes (Fig. 298, A). In each arch there 
’develop exactly the same elements as ate to be seen in the gill arches of 
fishes, namely : 

(o) A skeletal basis of cartilage ; (6) an aortic or rascular arch ; (c) a 
larger nerve along its anterior border and a smaller along its posterior ; 
(d) a muscle element [2]. 

In Fig. 180 (p. 230) a schematic transverse section of the head region 
of a vertebrate embryo has already been given to show the relationship 
of a visceral segment or branchiomcre to the cavity of the fore-gut. 

The Ist visceral arch is known as the mandibular, the 2nd as the hyoid . 
(Fig. 296). The remaining four arc branchial arches, having been atS 
one stage of evolution devoted solely to the purpose of carrying gills..* 
The hyoid arch is specialized in fishes so as to provide a cover or operculum 
for the branchial arches, and assist in the circulation of blood through 
the gills and water through the pharynx. The mandibular arch bounds 
the rim of the buccal cavity in all vertebrates, and forms part of the 
apparatus of mastication. 

» . Formation ol the Cervical Sinus. — ^Thc 1st arch especially, and also the 
■ ■■ ■ 

The^nc, , ■ • . ' 

grawsjD • • • • ■ • ■ 

at the c ; ■ . : . * 

sinking inpf the hinder a rches, and it is easy to see that as the hyoid arch 
grows backwards over them, an ectodermal space will become enclosed, 
this enclosurp.being known^as_thc cervical sinus-r— representing gill 

- cavity of fishes. Its formation is effected in the 6th and 7th weeks. 
In Fig. 297 a model of the lining membrane of an embryo at the end of 
the 6th Week of development is depicted as seen on its ventral aspect. 

‘ v ■ ; tobe 

' ' ' ' )esicle, ' 

■ ■ ■ .. 

jasL-uamea connection is short-lived ; indeed, before the end of the 2nd 
month all traces of the sinus itself should have disappeared. 

Are the 3rd and 4th arches completely buried in the neck ? Very 
careful studies made by Prof. J. E. Frazer [3] have convinced him that 
the subsidence of the 3rd arch is only partial. The condition he found 
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may be named the “ cleft m embrane /^ It is never ruptured nor dis- 
appears in the development of mammals, but is invaded by the meso- 



Fio. 295. Showing tlie Primitive Pharjmx of a 5th-week Bmbrvo in sagital section, 

• bounded by the Visceral .Ajcbes. (After His.) 

derm of neighbouring arches ; in fishes it disappears and real clefts are 
fonned between the arches. On the outer side of the membrane is the 
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contact with the tonsillar recess, passing between the internal and 
external carotid arteries or in contact with the pharjTix behind the hjoid 
(Fig. 299), connections that are explained by the relationship shown in 
Fig. 298. Often the cutaneous orifice is marked by a tag of skin repre- 
senting a rudimentary external ear, which encloses a piece of cartilage [4]. 
If the outer cleft depression in front of or behind the 3rd arch persists, 
it must open in the cervical sinus or pit representing part of that sinus. 




n.T 

C. The ilnd of Subsidence In the 7tti week, leading part of the 3cd arch esoosed The 

placodal areas are burled ; so is the 4tb arch (Prof Frazer ) 

D. The Areas of the Adult Neck formed from tlw 2nd and 3fd arches {Prof. Frazer.) 

What becomes oi the Visceral Recesses.— By the end of the 2nd month 
all pockets and recesses have disappeared from the interior of the pharynx 
'of the human embryo, except the upper part of the Ist. From the 
external depression of the 1st cleft a solid ingrowth of epithelium takes 
place, which, ultimately becoming canalicnlized, forms the external 
auditory- meatus (Fig. 275). In connection with the upper or dorsal 
parts of the 1st and 2nd cleft depre^ons the Eustachian tube and 
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at the end of the 5th week is sho^vn in Fig. 298, A. The 3rd and 4tli 
arches form the floor of a small depressed triangular field. The anterior 
border is formed by the hyoid arch ; the hinder or dorsal border is formed 
by an occipital fold ; the lower by a pericardial border. The placodal 
areas of thickened epithelium at the cranial ends of the 2nd, 3rd and 
4th arches are indicated. In Fig. 298, B, the state of the triangular 
cer\’ical field is shown a week later. All three borders — hyoid, occipital 
and pericardial — ^have encroached on the field ; the 4th arch is buried, 
but a recess leads to its placodal area. The condition reached a week 
later still is shown in Fig. 298, G ; the occipital and pericardial folds 



Fig. 297. The Lining Membrane of the Pharynx of a Human Embryo at the end of 
the 6th week of development (10 mm.) viewed on its ventral aspect. (Grosser.) 

have disappeared, but the anterior or hyoid border is still in evidence , 
behind this border lies still closed on the surface of the neck an area 
of the 3rd arch. This area. Prof. Frazer believes, will enlarge tmtil it 
extends over the anterior triangle of the neck (Fig. 298, D). The sterno- 
mastoid muscle is developed just behind the triangular cervical field ; F 
there is a persistence of placodal or of any developmental pocket, it 
should appear along the anterior border of the sterno-mastoid. 

Although the various ectodermal structures that become enclosed 
during development of the neck usually disappear, yet they may pers^l| 
and give rise to cysts or fistulae. They usually open along the anterior, 
border of the stemo-mastoid, the commonest site being a short distance^ 
above the sterno-clavicular joint. The representative of the cervical| 
sinus may be drawn out into a trumpet-shaped tube, which ends m 
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the latyn'geal aperture, marlffi the sites of the 3rd and perhaps also the 
4th inner cleft recesses (Fig. 312). 

Cartilages of the Arches (Fig. 301).— The history of the skeletal basis 
of the Ist arch (Meckel’s cartilage) has already been traced (p. 256). 

The cartilage of the 2nd or hyoid arch forms (Fig. 301) ; 

(t) The tympano'hyal, embedded in the petro-msstoid, and originally 
continuous with the ear ossicles (Fig. 282). (t’O The stylo-hyal, which 
ossifies in the early years of life and becomes joined to the tyropano-hyal 



to form the styloid process, (m) The segment below, the epi^hyalj 
becomes ligamentous, and forms the stylo-hyoid ligament, but it also'^ 
may become ossified, [iv) The lowest segment, the ceratO’hyal, forming 
the BmaU horn of the hyoid [5]. The tpi-hyal lies behind and outside 
the tonsil, and when ossified Las been excised imder the belief that it' 
was a foreign body. The body of the hyoid (basi^hyal) represents the ; 
fused ventral parts (copulae) of the 2nd and 3rd cartilages ; in the floor ' 
of the embryonic pharynx (Fig. 29C) the ventral ends of the 2nd and ' 
3rd arches end in a common or mesobranchial field. In this area the 
body of the hyoid develops just behind the tract of the tbyro-gJossal 
duct. 
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tympanum are formed, the mcmbrana lympani rema inin g approximately 
in the position of a cleft membrane (p. 325). 

If traces of the other clefts remain as fistulae or cysts we should expect 
them to appear in the positions showm in Fig. 300, that is, if the 3rd arch 
becomes buried and a cervical sinus formed, as we have hitherto be- 
lieved [3]. Part of the 2nd cleft is marked in the goat by an opening 
and auricular appendage. In human beings the dorsal part of the 2nd 
cleft may persist, an auricle becoming developed on it, while the normal 
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Fig. 299. Diagram to illustrate the various parts of the Visceral Recesses and Grooves 
which may persist. The 2nd recess pves rise to the tonsil the recess may oe m 
contact with an epithelial tube derived from the cei^’ical sinus. The ard reces 
gives rise to the thymus and parathyroid in. The carotid body anses at the sue 
of the 3rd recess, but its development has nothing to do with the recess. 


external ear is suppressed. As already pointed out, remnants of the 
2nd and 3rd clefts are included ydthin the opening of the cervical sinus. 

Within the pharynx traces of inner cleft recesses are to be seen besides 
the Eustachian opening (see Figs. 299, 312). The tonsil is developed m 
the lower or ventral part of the 2nd cleft ; the anterior pillar of the fauces 
represents only the position of the 2nd arch. The lateral recess of the 
pharynx (fossa of Rosenniuller), behind the Eustachian tube, although 
sometimes regarded as a derivative of the 2nd cleft, is, as we have seen 
(p, 327), a secondary formation. The pyriform fossa, at each side oi 
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an early stagQ.in .the development of the medullary plate of the head 
region results in a partial or complete suppression of.the arch .cartilages. 

Nerves^of ihe'Visceral''Afches (see Fi^. 302, 303, 118). — ^The 3rd 
division of the Vth nerve is, as has been already seen, the principal nerve 
of the 1st or mandibular arch. The nerve for the 2nd or hyoid arch is 
represented by the Vllth or facial. The nerve of the 3rd arch is the 
glosso-pharyngeal, that for the 4tii is the superior laryngeal branch of 
the vagus, and for the 5th and 6th the inferior laryngeal (Fig. 303). 

Each nerve of a visceral arch supplies (t) the muscles of the arch, 
(u) the pharyngeal lining and cleft recess in front of the arch. The 



Fig 302 The Visceral Arches and their Nerves sod OaoEbs Id a Human Embij o of 
the 5th week. (Streeter.) 

chorda tympani and great superficial petrosal nerves represent the 
sensory and visceral branches of the facial to the 1st cleft. 

The relationship of the nerves to the visceral arches Is shown in Fig. 
302, in a human embryo of 5 weeks. The position of these nerv’es in 
the adult is diagrammatically represented in Fig. 303. The Vth nerve 
and Gasserian ganglion are seen to lie at the base of the mandibular 
process. The ganglia of the Vllth and Vlllth nerves arc placed at the 
base of the hyoid 2nd arch, in front of the otic vesicle, the fibres of the 
facial ha^’iDg already entered the arch. The glosso-pharyngeal and its 
ganglia lie bchmd the otic vesicle and at the base of the 3rd arch. The 
large ganglionic mass of the vagus lies over the bases of the 4th, 6th 
and 6th arches — or rather the tissue representmg these arches. At this 
stage— the 5th week— the diffuse ganglion of the vagus and its issuing 
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Prof. Parsons [6] drew attention to the fact that there is a ridge of 

^rfoL f 1 body of the hyoid, which n,ay occ4e- 

onL r t separate bar. It Ues beW'een the lesser hotns, and 

’‘■'oh. It may be 

f by a foramen. It will he seen 

ater that the basal or pharyngeal part of the tongue arises from the 

floor of the pharynx m the field between the 2nd and 3rd arches, the 3nd 
arch providing most of the substance. The skeletal part of the hyoid 
arch suspends the tongue. There may be a process of bone from the 
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concavity of the body of the hyoid representing the hyolinraal of lowe: 
vertebrates (Parsons). 

The great kom of the hyoid represents the cartilage of the Srd ard 
(Fig. 301). In the lowest mammals the cartilaginous bases of the 4tl) 
and 5th arches umte to form the thyroid cartilage, hut in higher mam- 
^ mals, including man, this cartilage is made up entirely by the 4th arch 12]. 
I The cartilages of the ultimate arches (5th and 6th) are probably repre- 
^sented by the cricoid, arjrtenoid and rings of the trachea, (see also Fig- 
440, p. 491). ^ Even in mammals the cartilages of the last three branchial 
arches remain subservient to the purposes of respiration, just as in 
vertebrate a nim als in which these arches carry gills. 

Mention has already been made of the peculiar part played by cells 
derived from the neural crest of the fore-brain in the development of 
the cartilaginous arches of the pharynx [7J. Damage to these cells # 
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an early. stage.in,thc development of the medullary plate of the head 
region rcsulte in a partial or complete suppression of-the arch cartilages. 

Nerves oi^the'Visceral'Arebes (see Figs. 302, 303, 118). — The 3rd 
division of the Vth nerve is, as has been already seen, the principal nerve 
of the Ist or mandibular arch. The nerve for the 2nd or hyoid arch is 
represented by the Vllth or facial. The nerve of the 3rd arch' is the 
glosso-pharyngeal, that for the 4th is the superior laryngeal branch of 
the vagus, and for the 5th and 6th the inferior laryngeal (Fig. 303). 

Each nerve of a visceral afeh supplies (i) the muscles of the arch, 
(«) the pharyngeal lining and cleft recess in front of the arch. The 
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chorda tympani and great superficial petrosal nerves represent the 
Bensoiy and visceral branches of the facial to the Ist cleft. 

The relationship of the nerves to the visceral arches is shown in Fig. 
302, in a human embryo of 5 weeks. The position of these nerves in 
the adult is diagrammatically represented in Fig. 303. The Vth nerve 
and Gasserian ganglion are seen to lie at the base of the mandibular 
process. The ganglia of the Vllth and Vlllth nerves are placed at the 
base of the hyoid 2nd arch, in front of the otic vesicle, the fibres of the 
facial having already entered the arch. The glosso-pharyngeal and its 
ganglia lie behind the otic vesicle and at the base of the 3rd arch. The 
large ganglionic mass of the vagus lies over the bases of the 4tb, 5th 
and 6th arches — or rather the tissue representing these arches. At this 
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fibres rest on the dorsal wall of the pericardium, the heart being quite 
close to the source of its nerve fibres [8], 

The spinal accessory nerve is to be regarded as an extension backwards 
of the vagal or branchial system to the cer\acal region of the cord. Its 
spinal fibres, which supply the stemomastoid and trapezius, both of 
branchial origin, arise from a prolongation of the dorso-motor nucleuB 
of the vagus. The Xllth or hypoglossal nerve has primarily nothing 
to do with the branchial or visceral segments. The musculature of the 



FIG. 303. Showing what becomes of the Jferves of the Visceral Arches. 


tongue is derived firom the last three occipital segments and is somatic 

in nature. , 

Epibranchial Placodes. — When the ganglia of the Vllth, IXth an 
Xth nerves begin to differentiate in the 5th week, they are in contac 
with the upper ends of their respective gill depressions — ^the 1st, 2nd an 
3rd. An area of ectodeim_at-the-upper.end pf^e^h cleft depre^lPE 
beconi^~mdHSed to form an ^tbrajick^ 

organs that are now ibstihlugher vCTtebrat^ (Eig. 298, A). During t e 
5th week these placodes are in contact with the ganglia just mentione 
and the ganglion of the trunk of the vagus (ganglion nodosum) and o 
the trunk of the glosso-pharyngeal (ganglion petrosum) receive additions » 
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from.cells that ar^produced in, and^migrate from, Jho placodes. The 
placodes become submerged during the formation of the cervical sinus, 
drawing down with them processes of the ectoderm [9]. 

.Carotid Body.— Attached- to thb< nerve. of the 3rd arch (glosso- 
phat^mgeaib'and developed in connection with the artery of this arch, 
is the carotid body, a pressor-receptor mechanism concerned in the 



IJ, X. GIosso-pharyn5eal«DdTsgalD«rT«*vrlththrlTtnisksaDBUa;z,s[tekt which 
the cftrotld hodr la devetoped ; at. ear , ilto at which external artery will arise ; 
a 0 ., aortic tac ; d <u>., dorsal aorta ; de, doctiu caroticua ; Sym , cervical sym- 
pathetic 

Jt, The aame parts In the 7th week, the carotid body (car. b ) belns now defined. 

SX , ftuperiot Ucynseal; ext. oar , external carotid. 

C. The Arch of the Aorta and Right Common Carotid (e. rar.) of a foetus In the 
9th week of development. 


a. paragangUoo near the origin of the right subclavian artery receiving dcpreaaor 
fibres from Xth ; 6, right aortic or agpracardlal paragangUon : e, d left aortic 
paraganglia, receiving fibres from the left vagus. 


regulation of hlood-pressute. Its development in the human embryo 
and foetus has been traced by Prof. J. D. Boyd [10], By the end of the 
9th week (Fig. 301, C) the body is seen to be applied to the antero- 
medial aspect of the internal carotid artery, immediately above the 
origin of the external carotid. Its afferent ner^’e twig comes from the 
/ IXth nerve. An earlier stage, that reached in the 7th week, is shown 
-j, in Fig. 301, B. On the medial side of the internal carotid, at the site 
where the carotid body is developed, there are three masses of nerve 
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cells, namely, the ganglion of the tnink (or petrous) of the IXth, the 
corresponding ganglion of the Xth (nodose) and the superior ganglion 
of the sympatlietie. Although the chief supply to the carotid body is 
from the IXth, it also receives nerv^e fibres from the two other masses. 
Later, cells from the sympathetic ganglion invade the body. In Pig. 
304, A, a still earlier stage is shovn, about the beginning of the 6th week. 
Towards the end of this week, at the site (x) indicated in the illustration, 
a ring or cufi of condensed tissue is formed in the superficial coat of the 
internal carotid artery, corresponding to the upper end of the 3rd aortic 
arch. The cells in the condensation are polyhedral in shape and have 
oval nuclei ; they may be regarded as paraganglionic cells, but at no 
time do they yield a chromafldn reaction (Boyd). Presently, the 
condensed tissue becomes concentrated in the fork between the external 
and internal carotid arteries. The adjacent coat of the internal carotid 
artery becomes thinned and for a short time the lumen of the carotid 
is in communication with the paraganglionic tissue of the body, recalling 
a stage seen in the developing tadpole. Towards the end of the 2nd 
month, the carotid body separates from the coat of the internal carotid 
artery (Fig. 304, C). 

Vascular bodies of a corresponding nature arise in all the arterial 
arches of the gills of the dog-fish and of other selachians. The mam- 
malian carotid body has been evolved out of that of the 3rd (glosso- 
pharyngeal) arch. It is probable that the glomi or paraganglia depicted 
in Fig. 304, C (a, h, c, d) represent receptor bodies developed in con- 
nection with the 4th arch (subclavian) and 6th (pulmonary arch) of the 
selachian branchial system (Palme). That which is situated on the 
ascending part of the aortic arch, just above the origin of the left coronary 
artery, gives a chromaffin reaction. 

Aortic Arches — ^the Arteries of the Visceral Arches. — ^In Fig. 293 is 
given the foetal arrangement of the aortic arches, and in Fig. 305 the 
vessels in the adult which are formed from them. The prumtive ventral 
aorta (aortic sac) as it issues from the pericardium to enter the floor 
of the pharynx immediately breaks up into branches that enter the 
pharyngeal arches on the right and on the left. These branches form a 
right and left set, and as they represent the ventral aortae of Ashes we 
may speak of them as the ventral aortic stems (see Fig. 294). From 
these stems arteries (aortic arches) pass upwards, one in each visceral 
arch, to terminate in the right and left dorsal aortae, which run back- 
wards and become fused to form the descending thoracic aorta. The 
aortic arches are formed at a very early date. At the beginning of the 
4th week the 1st or mandibular aortic arch has aheady made its transi- 
tory appearance ; the 2nd (hyoid), 3rd, 4ifch, 6th and 6th appear in 
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succession, I jut i )y tKe 6t li \AenAtc^6th or pulmonary ^arcli [11] 

lias_^ appeared, the_lst.and 2nd. have atroplded (Fig. 304, .4).^ Only 
for a brief period towards the cpd>of the 5t h week ,. when th^embryojg 
about S.rom. long, are all the arches, open, _and.cyeii,theiL.the_lst..is 

atro phic 'while the 6th PL^pulmonaryjs developing. The 5th arch has 
only *artransicnt eriScnce . The aortic arches arc formed by the nmon 
of a network of blood spaces that arc developed within each visceral 
arch. 

The Ist and 2nd aortic arches disappear ; the 3rd remains as the first 



FiQ. A«chrin«ofthe Aortic Archca of the nutnsn Embryo of the 5th«eek. The 
Parts which dlsappcir are fhown lightly eheded (After Bromss.) JJI », lY.f, 
etc , tcgfnental arteries, the outer part of the subclaVtan artery bciBg derived from 


part of the internal carotid, the 4th forms the Ist and 2nd stages of the 
right subclavian [12]. On the left side the 4th aortic arch forms that 
part of the arch of the aortA which lies between the origin of the left 
carotid and entrance of the ductus arteriosus (Fig. 305). The right and 
left 5th arch, or, to be more accurate,lhe 6tb— for a traMient arch appears 
between it and the 4th — gives off vesscb to the lungs, which are developed 
in close connection with these arches [13]. This arch on the left side 
persists as part of the right pulmonary artery and dudus arteriosus 
(Fig, 307). On the right side the dorsal part disappears, the remaining 
segment joining in the formation of the right pulmonary artery. "Wlien 
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It is remembered that the 6th or pulmonary arch lies at the level of the 
larynx in the 5th week, and that, o^ving to the development of the neck, 
it has almost reached its final position in the 7th week, the rapid trans- 
formation of the parts in the region of the pharynx in the 2nd month vill 
be realized. It is in this period that the hinder gill arches are buried 
and the cervical sinus formed and obliterated. It is during this descent 
that the dorsal aorta between the 3rd and 4th arches disappears (ductus 
caroticus, d.c., Fig. 304, A). 

Subclavian Arteries. — ^The visceral arches with their arteries are well 
developed before the limb-buds appear. ^Vhen, at the end of the 4th 
we.ek, these buds grow out to form the upper extremities, the artery 
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Fig. 306. The condition of the Right and Left Dorsal Aortac in a »th-week Hmnan 
Foetus. (After His.) The right arch and right dorsal aorta disappear beyond the 
origin of the right subclavian ; a constriction may appear at the corresponding 
point on the left side. 


that ultiinately supplies each bud springs -from the dorsal _aqrta and 
represents a dorsal segmental branch. of that ve^el. The, embryonic 
or .primitive subclavian is the artery of the 7th cervical segment, bemg 
situated at a considerable distance behind the 6th aortic arch. As the 
aortic arch-system is elongated to form the great vessels of the neck 
during the 6th and 7th weeks, the origin of the subclavian migrates 
forwards until it comes to lie opposite the 4th arch (Fig. 306). This 
artery forms the entire subclavian on the left side, but only that part 
beyond the origin of the vertebral on the right side [14]. 

Aortic Arch on the Right Side. — ^In birds it is 'the 4th right arch that 
forms the aortic arch, and this occasionally happens in man. In amphi- 
bians both the right and left 4th arches persist. The two dorsal aortae 
in which they end unite together, as they do in the human embryo, to 
form the descending thoracic aorta. The primitive subclavian arteries 
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sptiug from the dorsal aoitae above the point where these two vessels 
fuse together. In the latter part of the 2nd month the short part of 
the right dorsal aorta, between the origin of the right subclavian artery 
and point of aortic fusion (7th dorsal vertebra) disappears, and then the 
subclavian artery appears as If it arose from the 4th right arch (Fig. 306), 
The communicating arterial twig, wluch is often seen uniting the superior 
intercostal artery of the right side with the artery of lower spaces, is 
formed by secondary anastomoses, and does not represent the right 
dorsal aorta [15]. 

Not unfrequently the right subclavian arises, not from the innominate, 
which represents the right ventral aortic stem, but as the last of the 
great branches which spring from the arch of the aorta. In such cases 



Fio. 907 Dtasritn thowfng the iMimer Id which the Klght SuhclaTlftn may arise as 
U» \ast btawh of tlw XKh of the AQri*. The pans of tV« aottic ajth svstrat 
« htrh become Obliterated are atlppled. 


two things have happened; (t) the 4th tight aortic arch has been 
obliterated, (it) the right dorsal aorta has persisted (Fig. 307). 

Cases occur in which the permanent aorta is very much constricted 
at or near the point of entrance of the ductus arteriosus (see Fig. 300). 
It will be noticed that the corre^onding part of the right dorsal aorta 
is obliterated. Such a constriction on the left side is to be regarded as 
corresponding to that on the right aide, and indicates an attempt to 
produce a right aortic arch. 

Doi»l Aortas -It wffl bo noticca that the parts of the dorsal aortas 
between the 3td and 4th arches disappear (Fig. 307). The venfrai 

°) .give rise to the maomiaate aad emSSst^kuT- 
arteries, KMothe ertcrnal carotid is a aew SormaiimTFig'Sairr'Witl — 
the marked eloagatioo of the cervical regioa and the development of 
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the lungs in tlic 2nd montli, tlic primitive position of the aortic arches is 
greatly disturbed. The heart, being the pump of the lungs, must 
accompany these organs. The ventral aortae become, elongated into 
the common carotid and innominate arteries (Figs, 305, 307), The 4th 
aortic arch, which should lie opposite the upper part of the thyroid 
cartilage, comes to rest at the level of the 1st rib on the right side and 
within the thorax on the left, while the last aortic arch dragging the 
nerve of its segrnent in front of it (the recurrent laryngeal) comes to be 
situated within the thorax. 

Muscles of the Visceral Arches. — ^^Vithin each visceral arch a muscle 
plate is formed — ^the dorsal part recalling in its mode of appearance the 
muscle plate which develops in connection wth each vertebral somite 
(see Fig. 180, p. 230). The muscles arising in each arch are supplied 
by the nerve of that arch ; hence from the nerve supply alone one could 
infer the derivation of the musculature of the pharyngeal region. The 
muscles become differentiated in the latter part of the 2nd month. All 
the muscles supplied by the facial nerve — the platysma, muscles of 
expression, the stapedius, stylo-hyoid, posterior belly of the digastric, 
etc. — are derived from the muscle plate of the 2nd or hyoid arch. The 
muscles of mastication, with the tensors of the palate and tympanum, 
the anterior belly of the digastric and mylohyoid, are derived from the 
muscle segment of the mandibular arch. The stylopharyngeus, origin- 
ally part of the constrictor, is derived from the 3rd arch. The muscula- 
ture of the soft palate, including the levator palatae, and the con- 
strictors of the pharynx are derived from the 3rd and 4th arches. The 
musculature of the larynx is developed out of that part of the constrictor 
sheet which formed the sphincter of the primitive oesophagus and may 
be assigned to the 2nd and 3rd branchial segments. From these same 
segments is derived the musculature of the sterno-mastoid and trapezius, 
hence their peculiar nerve supply [16]. 

Platysma and Muscles of the Face and Scalp. — The platysma myoides, 
the muscles of the face, scalp and external ear, are derived from the 
muscle plate of the 2nd or hyoid arch [17]. They are supplied with both 
motor and proprioceptive fibres by the facial, the nerve of this arch. 
The muscle bud, from which the whole platysma sheet is developed, is 
still confined to the area of the hyoid arch imtil the 7th week of develop- 
ment, when the bud spreads out in the subdermal tissues and forms a 
continuous muscular hood over the head and neck. To this hood or 
sheet, which is composed of two layers, a deep and superficial, the name^ 
of platysma sheet may be given. It is developed in the superficial fasci^-i 
During its expansion or migration the platysma sheet separates into threqj 
main divisions — a part for the neck — platysma coli ; for the ear andj 
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occiput — the occipito-auricular ; and the facial division— for mouth, 
nose, orbits and forehead (Fig, 308). The muscles become differentiated 
during the 3rd month. 

In man, the platysma sheet has undergone marked retrograde changes 
in the neck, scalp and external ear, but over the face it has become more 
highly specialized and differentiated than in any other animal [18]. 
From this sheet are derived the epicranial aponeurosis, the occipitalis 
and frontalis muscles. On the face the platysma sheet forms the muscles 
round the orbit, nose and mouth. The buccinator and levator angub 
oris rcpiescnt parts of the deeper layer of the sheet. The trai^versus 



nuchac, fibres occasionally seen in roan passing from the mid-dorsal line 
of the neck towards the car and cheek, represent fibres constantly 
developed in lower primates and better still in rodents and carnivora as 
the sjikincler cclli and stcrno-facialig. 

The muscles supplied by the facial nerve are peculiar in that they arc 
the physical basis into which many mental states arc reflected and in 
which they arc realized. Through them mental conditions are mani- 
fested. It is found that the differentiation of this sheet into well- 
marked and separate muscles proceeds pan posju with the development 
of the brain. The more highly convoluted the brain of any primate, 
and the more massive its basal ganglia, then the more highly specialized 
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are its facial muscles. It is remarkable that the sheet should arise from a 
visceral arch which originally was closely cormccted with the function 
of respiration. To some extent the platysma does come into action 
during forced respiration even in man. 

The Neck. — If the reader wU turn to Fig. 59 it vrill be seen that the 
head becomes demarcated from the trunk and a neck comes into existence 
in the human embryo diming the 7th and 8th weeks of development. It 
is during these weeks that the fish-like organization of the embryonic 
pharynx becomes rcplaeed by one which is mammalian. Although the 
seven cervical somites arc demarcated early in the dth week of develop- 
ment, the head is so flexed upon the trunk that the mandible is in contact 
with the pericardium. The neck comes into existence by the production 
and groiHh of tissues betv'een the mandibular arch and pericardium, 
this groirth in the ventral aspect of the cervical region being accompanied 
by an extension or elevation of the head. The heart itself is anchored 
to the roots of the developing lungs ; all the tissues — ^nerves, vessels, 
muscles, air and food passages — ^passing from the head to the region of 
the thorax are elongated during this movement. 
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[1] I have refrained from using the term “ branchial ” as names for the arches 
of the embryonic pharynx. As far as- is convenient I speak of the first arch as the 
mandibular, the second as the hyoid, the third, which is the first true branchial, 
as the glosso-pharyngeal, and the others as vagal arches. 

[2] For the evolution and morphology of the pharyngeal muscles, see T/ie Cranial 
Muscles of Vertebrates (1936), by the late Prof. F. H. Edgeworth. 

[3] For Prof. J. E. Frazer’s account of the cervical sinus, see Brit. Jour. Surg., 
1923, 2, 131 ; Jour. Anat., 1927, 61, 133 ; Manual of Embryology, 1940. 

[4] For malformations of pharynx and neck, see Keith, Sir"^., Brit. Med. Jour., 
1909, 2, 310, 363, 438. 

[5] For an account of the skeletal elements of the pharynx, see De Beer, G. B>, 
note [1], Chapter XII ; Edgeworth, F. H., preceding note [2] ; Frasin, I., Anm 
d’Anat. Path., 1937, 14, 443. 

[6] Parsons, F. G., Jour. Anat., 1909, 43, 270. 

[7] See Chapter IV, p. 76, note [26] ; Chapter XHI, p. 263, note [5]. 

- [8] For general literature on the nerves of the pharynx, see Aliens Kappers, 
note [3], Chapter IX. Some of the more recent papers are : Shaner, 3., 

Anat., 1934, 68, 314 (motor nuclei of cranial nerves of pig ) ; Woodbume, B. 

Jour. Comp. Near., 1936, 65, 403 (Vth nerve) ; Frade, F., Arch. Biol., 1938, 49, 
617 (origin of Gasserian ganglion) ; Wakeley and Edgeworth, Jour. Amt., 1933, 
67, 420 (afferent fibres of Vth and Vllth ) ; Waddell, G., ibid., 1938, 67, 
175 (taste fibres in Vllth) ; Schimert, J., Zeitsch. Mik. Anat. Forsch., 1936, 39, 
(Vnth nerve) ; Wakeley, C. P. G., Lancet, 1939, 1, 749 ; Ransom and Others, 
Amer. Jour. Anat.,1933, 53, 289 (composition of Xth) ; Jones, R. L., Jour. Gomf* 
Neur. 1937, 67, 469 (nodose ganglion) ; Pearson, A. A., ibid., 1938, 68, 243 (Xlth 
in human embryo ) ; Romanes, G. J., Jour. Anat., 1940, 74, 336 (Xlth in sheep) ; 
Downman, C. B. B., ibi^., 1939, 73, 387 (Xllth nerve). 



PHARYNX AND NECK 3G3 

[9J Frazer, J. E., Jour. Anal., 1927, 61, 133 ; Campenhout, E. van, Archiv. 
Biol., J93G. 47, 585. 

flOJ For recent literature on Ibe carotid body and aimilar structures, see Boyd, 
J. D., Conlrib. Emb., 1937, 26, 3; Jour. Anat., 1930, 71, IS7 (in selachiana) ; 
Anal. Anz., 1937, &1, 387 (nerve supply) ; Jour. Anal., 1942, 76, 248 (reptilian 
form) ; Sheehan and Others, Anat. Bee., 1941, 80, 431 (nerve supply) ; Hammond, 
W. S., Amer. Jour. Anat., 1942. 69, 265 (development of aortic bodies in cat) ; 
Nonidez, J., thid., 1941, 68, 151 (aortic receptor bodies ) ; Hollinshead, IV. H., 
Anal. Bee., 1942, 84, 1 (comparison of carotid body with the coccygeal glomus) ; 
Goorroaghtigh, N., Jour. Anal., 1936, 71, 76 ; Stoebr, Ph., Ergeb. Anat. Entwich., 
1938, 32, 1. 

[llj Reagan, F., Amer. Jour, Anat., 1911, 12, 493 ; Shaner, R. F., ibid., 1921, 
29, 407. 

[12] The literature on the development and abnormalities of the aortic arches 
is too voluminous to bo ^ven here. Some of the chief recent papers are : Woollard, 
H. n., Conlrib. Emh., 1922, 22, 139 ; Congdon, E. D., ibid., 1922, 20, 51 ; Caimey, 
J.. Jour. Anat., 1925, 59, 265 \ IVtndle, W. P., ibid., 1928, 62, 518 ; Lockhart, R. D., 
ibid., 1930, 64, 189 (right and left aortic arches) ; Golub, D. Jl., Zeilechr. Anat. 
Entideb., 1929, 90, 090 (Btb aortic arch in embrju). For variations in the origin of 
stems from the aortic arch, see WlUaras and Edmonds, Anat. Bee., 1935, 62, 139 j 
He Garis, C. F., Jour. Anal., 1936, 70, 149; Anat. Bee., 1938, 70, 251 (variations 
In arch of rhesus monkey). 

[I3J Ingalls, N. W., Anat. Bee., 1932, 53, 269 (pulmonary arteries arising from 
aorta). 



[15] See references given in notes [12], (14). 

[16] Edgeworth, F, H., see note (2J. 

[17] Futamura, R., Anal. Jlefle, 1907, 32, 479. 

[18] For evolution of facial musculature, see Huber, E., The Evolution of the 

Facial iluscvlalure, 1931 ; Burkitt and lightoiler. Jour. Anal., 1928 62 33 • 
Lightoller, 0. S., liid., 1940, 74, 390; (ftid., 1942, 76, 258. ' ’ 



CIUPTER XIX 


TONGUE, THYROID AND STRUCTURES DEVELOPED 
FROM THE JFALLS OF THE PRIMITIVE PHARYNX 

The Tongue and its Development. — T^ro parts are to be recognized in 
the tongue. The buccal part (Fig. 309) is situated in front of the foramen 
caecum and the V-shaped groove. It is covered bj papillae, concerned 
in mastication and liable to cancer. The second or pharyngeal part, 
directed towards the hinder wall of the pharynx (Fig. 309), is covered by 
glandular and lymphoid tissue and concerned with swallowing. These 



Fia. 309. Show'ng the Buccal and Pharyngeal Parts of the Tongue, 


two parts are not only different in function but also in origin and 
development. 

The buccal part arises during the 6th week by an upgrowth the 
tubermlum impar — that springs from the floor of the pharynx, in the 
groove between the mandibular and hyoid arches (Fig. 296). This out- ^ 
growth was at one time believed to give rise to the whole of the buccal 
part of the tongue, but researches made by Kallius and others [1] have 
demonstrated that in the 6th week there arise from the mandibular arch, 
on each side of the tuberculum impar, right and left lingual buds which , 
fuse with and bury the median element (Fig.- 310). Hence the buccal 
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part of the tongue is bilateral in ori^, and as its nerve supply shovra, 
is essentially a product of tbe mandibulaT arch. la tbe 7tli vreek tbe tip 
of the tongue is bifid, because the lateral buds are imperfectly fused 
(Paulet). The bUateral origin of the tongue explains tbe occasional 
occurrence of a bifid tip and the formation of cysts in tbe median raphe. 
Besides the lingual nerve, tbe choeda-tympam— the branch of the facial 
nerve rvhicb enters the mandibular arch — also supplies the buccal parts 
TFitb sensory (taste) fi.bres. Until the 7th rreck the buccal part of the 
tongue is still separated from the pharyngeal part by a depression in 
the floor of the pharynx. The buccal part, however, remains still 
unseparated from the mandibular arch. There then occurs a down- 



A r«rt» which 50 to the foraatioa of the Tcogue, a» (fen ia the Scxir of the Fharros 
of A Human EmbTTO, eatlr la tlw €th week. (Afler Prof. Praxer.) e, tnbercle 
, b, b. xnandibiilatUB^aalelemetita; f,e, nrotd eteiaents : tf.tf, 3rd arch or 
ff!<r‘s>-phirni5r»lclcin«ot, t.r. 4tharch; f. epldoUUorfurcuIa; /,/. larrnccal 
fohis ; r, r, pericardium , , liuiK huda. 

D The Human Tongur,*ecnfroiabchlnd»tlhe9thr«kof development. A.A.arrtcatr. 
rpielottidean folds. The ether letten Indicate parts shown to the ad/oiaing 
flgure. 

growth of epithelium in the form of a horse*shoe plate, which separates 
the lingual from the mandibular tissues ; in this way the tongue becomes 
separated from the alveolar ridge of the mandible. In the floor space 
between tbe Jjjngne and mandible are developed the submasillaiy and 
sublingual glands. Not unfrequcntly part of this glandular field may 
be imperfectly separated from the tongue, and ia this manner various 
peculiar congenital malformations of the tongue arc produced (see 
Fig. 311). 

The pho/yTigcoi part of the tongue is derived chiefly from tbe hyoid 
arch, but an addition is also made from tbe 3rd (glossopharyngeal) 
arch. The hyoid bone is formed ia both 2nd and 3rd arches. The 
glossopharyngeal, the nerve of the 3rd arch, or more strictly of the 2tid 
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TONGUE, THYROID AND STRUCTURES DEVELOPED 
FROM THE JVALLS OF THE PRIMITim PHARYNX 

The Tongue and its Development. — ^Two parts are to be recognized in 
the tongue. The buccal part (Fig. 309) is situated in front of the foramen 
caecum and the V-shaped groove. It is covered by papillae, concerned 
in mastication and liable to cancer. The second or pharyngeal part, 
directed towards the hinder wall of the pharynx (Fig. 309), is covered by 
glandular and lymphoid tissue and concerned with swallowing. These 



Fig. 309. Showing the Buccal and Fharjuigeal Parts of the Tongue, 

two parts are not only different in function but also in origin and 
development. 

The buccal part arises during the 5th week by an upgrowth — the 
iuberculum impar — ^that springs from the floor of the pharynx, in the 
groove between the mandibular and hyoid arches (Fig. 296). This out- , 
growth was at one time believed to give rise to the whole of the buccal 
part of the tongue, but researches made by Kallius and others [1] have 
demonstrated that m the 6th week there arise from the mandibular arch, 
on each side of the tuberculum impar, right and left lingual buds which , 
fuse with and bury the median element (Fig.- 310). Hence the buccal 
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cleft (Fig. 312) to its place in the floor of the mouth. The sense of taste 
is present in a child born at the 8th month of development [3J. 

Papillae.— The filiform papillae are the first to appear {9th 
week), then the fimgiform, a few of which, along the posterior border of 
the buccal part, become enlarged and sink to form circumvallate 
papillae, round the bases of which taste buds are developed. The papillae 
are confined to the buccal or masticatory part of the tongue. Fungiform 
papillae develop over terminals of the lingual nerve, while the taste 
buds of the circumvallate papillae arise over terminals of the IXth 
nerve. It will be obser\'ed that the taste papillae are situated at the 
brink of the pharynx {Fig. 309), at which the food is seized and carried 
away by involuntary muscles. At the lateral margins of the buccal 
part of the tongue, just in front of the anterior pillars of the fauces, the 
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TiQ SIS Sho« Instill Origin of the SubntaxUUiyuid SubbugnalOUndi from furrows . 
between the fium and tonsue during the 7th week. The tongue projects between 
the maslUar) foMs Into the nasal cavity. (After Hia.) 

fungiform papillae are arranged in a series of laminae, recalhng and 
corresponding to the papillae foliatae of low primates and of rodents. 
Between the papillae foliatae occur taste buds [3]. On the under surface 
of the tongue at birth, on each side of the sublingual papillae and over 
the position of the ranine artery, arc two fimbriated folds of mucous 
membrane, the plicae fimbriatae, structures which are well developed 
in lemurs, serving as tooth-combs {’NVood-Joaes [4]). A remnant of 
the plicae fimbriatae can commonly be seen on the under surface of the 
human tongue. 

Epiglottis.— The origm of the larynx, trachea, bronchi and lungs aa a 
depression and bud from the floor of the pharynx will be dealt with later 
(p. 490) ; but the origin during the 5th week of the furcula {Fig. 296), a 
process from which the epiglottis is derived, may be noted’ here. The L 
furwla, and consequently the epiglottis, arise from elements contribute 
310, B). ThVthjToia'chrtilage arises 
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from tlic 4th arch. The superior laryngeal is the nerve of the 4th arch, 
hence it supplies the epiglottis and upper part of the larynx. The 
epiglottis and palate are peculiar to mammals. They separate the 
respiratory passage from the mouth. In all mammals the epiglottis 
lies within the nasopharynx in contact with the soft palate, but with the 
acquisition of speech in man this relationship is lost [uj. 

Origin of the Salivary Glands. — ^In the depression betw^een the tongue 
and the mandible, formed by the opening out of the linguo-mandibMar 
plate of epithelium, there appear two linear furrow^s (Fig. 312). From 
the inner or mesial of these two fmrows arises the submaxillary gland ; 
from the outer or lateral, at a rather later date (7th week), grows the 
sublingual [6]. A\Tiile the latter arises by a series of buds from the 
endodermal lining of the groove, the former — ^the submaxillary— is 
developed by the enclosme of the endodermal furrow, which later 
becomes canaliculized and opens as a duct at the sublingual papilla, 
while the gland itself arises by a process of budding from the distal end 
of the enclosed endodermal cord. The submaxillary ganglion is made 
up of nerve cells which migrate from the geniculate ganglion during 
the outgrowth of the chorda tympani. The parotid gland, which is the 
first of the salivary glands to be developed (6th w^eek), springs as a bud 
of ectoderm from the lateral or bucco-alveolar recess of the prumtive 
mouth (Fig. 312). Its duct appears first as a groove, which later becomes 
enclosed to form a canal [7]. The gland grows backwards in the con- 
nective tissue over the masseter, and at birth is comparatively superficial 
in position, but as the mandible and external auditory process grow, it 
sinks inwards to surroimd the styloid process, pushing the deep cervical 
fascia beneath it. In this way the stylo-mandibular ligament, is formed 
from the fascia pushed in front of it. Its nerves are derived from the 
3rd division of the Vth (auriculo- temporal). Salivary glands are acces- 
sory to the function of mastication, and hence are developed only ui 
mammals. 

Phaiyngeal Tonsil [8 ]. — A sa^ttal section of the head of a foetus in 
the 10th week of development (Fig. 313) reveals in the roof of the 
pharynx, under the basilar plate of the spheno- occipital, a median 
recess or bursa of the mucous membrane. The bursa is surrounded by 
submucous tissue and in its vicinity are three structures (Fig. 313), 
namely, a remnant of the notochord {notoch.), the basilar fascia {a), and 
the fibrous tissue of the median raphe (6). In the submucous tissue, m 
front of and on each side of the bursa, reticular tissue has been 
difierentiated ; it is richly supplied with vessels. At the end of the 3rd 
month lymph vessels invade the reticular tissue and lymphocytes 
accumulate in front of and on each side of the bursa. The lymphocytic 
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tonsil and the lymphoid tissue on the basal aspect of the tongue, form a 

circum-pliaiyngeal ring. The functional significance of tonsillar tissue 
IS still uncertain. 


Before proceeding to trace the development of the tonsil and other 
glandular structures that arise from the endoderm of the embryonic 
pharynx, it may be ivell to glance at the interior of the adult pharynx 
(hig. 314) and note how far the embryonic arches and recesses can be 
recognized. The position of the 1st cleft is shoivn passing behind the 
mandibular symphysis to the opening of the Eustachian tube ; the 2nd 
is made to cross the tonsillar recess, indicating, that' the tonsil is a 
product of the 2nd cleft. We have seen (p. 327) that the dorsal end of 
the 2nd (hyoid) arch and the corresponding parts of the 1st and 2nd 
clefts are carried into the Eustachian recess. The soft palate, as it forms, 
crosses the 1st and 2nd clefts. The anterior pillar of the tonsillar recess 
contains the palato-glossal muscle, an up-growth from the tongue, 
while the posterior pillar contains the palato-pharyngeus, an up-growth 
from the constrictor muscles (products of the 3rd and 4th arches). 
Nevertheless, the tonsillar pocket represents part of the 2nd cleft recess. 
The 3rd cleft recess, from which the thymus takes its origin, is seen to 
pass behind the body of the hyoid and in front of the epiglottis, to end 
on the side of the pharynx. The 4th cleft, which occasionally gives rise 
to thyroid tissue, crosses the pyriform fossa. 

The Tonsil, — The tonsil arises early in the 3rd month of foetal life 
from the ventral part of the 2nd cleft recess which is left between the 
soft palate and the tongue (Fig. 317, B).- In the 4th month eight or 
ten isolated buds of endoderm push out from an elevation or tubercle 
situated in this recess or pocket, and grow into the mesodermal tissue 
in the wall of the pharynx (Fig. 316), The buds afterwards canaliculize 
and form the cr 3 y)ts and glandular tissue of the tonsil. Follicles of 
lymphoid tissue — for the tonsil must be regarded as a lymphoid structure 
— begin to collect round these glandular buds in the 5th month of foetal 
life. After birth the crypts, one after another, lose their openings ; 


their epithelium becomes invaded by lymphocytes and thus nodules 
of lymphoid tissue are formed [9], 

Concerning the origin of the lymphoid cells, both of the tonsil and the 
thymus, there are two quite distinct theories. The more recent (Gul- 


land’s) is, that the epithelial endodermal cells, which form the glandular 
buds of the tonsil, give rise to broods of lymphoid cells ; the older and 
the better founded, that these lymphoid cells arise from the blood or . 
surrounding connective tissue, creep in and form follicles round the 
glandular endodermal buds. It now seems more likely that the endo- 
derm of the 2nd cleft (tonsiUar), like that of the 3rd cleft (thymic), has 
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the power of causing the mesoderm it comes in contact with to produce 
or to harbour lymphocytes [10]. 

A fold of mucous membrane, theplico trian^idoris (Fig. 315), passes 
from the lower part of the tonsil to the anterior pillar of the fauces. It 
represents the anterior part of the elevation or tubercle m which the 
glandular buds develop. Although present in the foetus, it commonly 
disappears in the adult. Its attachment to the tonsil marks a line of 
separation between an anterior and posterior group of tonsillar out- 
growths (Fig. 316). The recess above the tonsil, sometimes crossed by 
a fold—the plica semilunaris—is a remnant of the recess of the 2nd 
cleft in which the tonsil la developed (Fig. 315). In many mammals the 
tonsillar recess assumes the form of a funnel-like process resembling 
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the finger of a glove, the Wind end reaching almost to the angle of the 
jaw. 

The tonsil is part of a groat lymphoid fiystem station(jd along the ali- 
mentary canal. It reaches its fullest growth in youth, as is the case with 
the lymphoid system generally ; when active growth of the system is 
over, and especially in the years of decay, it becomes markedly reduced 
in size. Occasionally the tonsillar rcce.’ss projects outwards, and comes 
in contact with a tubular fistula representing the cervical sinus (see 
Fig. 299). 

Idngual TonsO. — ^That part of the tongue (pfaarynge.'tl) produced from 
the 2nd and 3rd arches is studded with mucous glands. The glands arc 
snrroimded by nodules of lymphoid tissue — the collective glandular mass 
receiving the name of Ungual toi^il. 

^e Thymus. — ^The thymus arises in the same manner as the tonsil, 
only from the 3rd instead of the 2nd cleft (Fig. 317). The position of 
the mner recess of the 3rd cleft is represented in the adult by a space in 
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front, and on each side, of the epiglottis. It is crossed by the posterior 
pillars of the fauces, which represent a continuation of the palatal pro- 
cesses (Fig. 314). In the 6th week the 3rd phar 3 Tigeal pocket has 
assumed the form shown diagrammatically in Fig. 317, B, where its 
lower and hinder wall is represented as a flask-like process, lined by 
thickened endoderm, the embryological basis of the thymus [11]. On 
the dorsal part of the same pocket there is another thickening repre- 
senting the lower parathyroid or epithelial body, while the original 
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A. The Lining Membrane of the Pharynx of a Human Embryo, 5 mm. long (5 weeks 

old), seen on its ventral aspeet and showing the external eonfiguration and relation- 
ships of the pharyngeal pockets. (After Grosser.) 

B. A schcihatic representation of the pharyngeal pockets and the glandular structures 

rising from them in the 6th week of development. (After Grosser.) 


mouth of the pocket has been drawn out to form a tubular process or 
duct. In Fig. 317, A, is represented another view of the 3rd pocket, 
during the 5th week of development. By the 7th week the ectodermal 
covering, shown in Fig. 317, A, has been invaginated to form the cervical 
sinus and vesicle, the latter being continuous with the thymic outgrowth 
(see Fig. 297).~ The neck of the glandular th 3 miic pocket becomes 
separated from the pharynx in the 7th week and usually disappears, but 
a strand of tissue frequently persists and represents the stalk of the out- 
growth (Fig. 319). It is held by some embryologists that the ectoderm 
of the cervic'al sinus makes a large contribution to the thymic bud, 
forming its cortical zone [11]. By a species of secondary budding the 
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thymic tissue becomes broken up into islands or separated acini. 
The epithelial acini proliferate and give rise to a mesHwork of united 
cells ( 8 ync 3 ^ium), in which broods of lymphocytes appear in the cortical 
zone during the 3rd month. The lymphoid cells become aggregated 
into follicles where the production of lymphocytes is continued. The 
medulla, which is certainly of cndodermal origin, is made up of cyto- 
\reticular tissue. The concentric bodies, known as the_co rp_usclc s of 
Tl^ssall, [12] were at one time regarded as remnants of the endodeim, 
but'are how generally regarded as structures derived from mesoderm that 
surrounds the cortex and forms a capsular covering for the developing 
ttiymus. The endothelial cells lining segments of the degenerating 
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capillaries may proliferate, occlude the lumen, and thus give rise to a 
Hassall’s corpuscle (see also p. 471). It is estimated that the thymus 
of a child at birth contains over n million corpuscles. The lateral lobes 
come together under the ventral aortae and pericardium during the 7th 
week, and ultimately assume a thoracic position along with these 
structxires. Tlie pointed upper extremity’ of each lateral lobe can be 
traced upwards in the fully developed foetxis, xmdor the lateral lobes of 
the thyroid towards the thjTo-hj'oid membrane (Figs. 299, 318). These 
apical strands represent the stalk of the thymic buds. Thymus buds 
may occasionally arise from the 4th pouch (Fig. 317, B), and possibly 
from the cen.ncal sinus [11]. 

As we are ignorant of the part played by lymphocytes in the economy 
of the linng body, we can offer no satisfactory’ explanation of the 
purpose ser>’ed by the thymus. The thymic epithelium appears to 
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have the power of compelling the mesoderm it invades to become 
lymphoid in nature [13], 

The thjnmis reaches its fullest growth in early childhood (3rd or 4tli 
year), and continues large as long as the body is in a state of active 
groviih. It begins to shrivel up when matmity is reached, and only a ; 
remnant is left as a rule, less remaining in men than in women [14]. / 
It receives its blood supply from the 4th aortic arches through the internal ^ 
mammary. In manner of origin it resembles the tonsil ; indeed, it may ' 
be regarded as a buried tonsil. There is a profuse production of lym- , 
phoid cells in the gill clefts of fishes, many of which wander out, and by 
their phagocytic properties helj) to keep the gill surfaces clean. This 
fact throws some light on the origin of so much lymphoid tissue from the 
2nd and 3rd cleft recesses in higher animals. 

The Thyroid [15]. — ^The site at which the thyroid gland arises is shown? 
in Fig. 296, p. 346 — on the floor of the pharjmx behind the tuberculmn;, 
impar and exactly in the middle line. The enddderm- of the retro-’ 
mandibular groove gives rise to a saccular diverticulum almost as soon 
as the fore-gut becomes differentiated — early in the 4th week of 
development. Indeed, it is the first of all glandular structures to be 
differentiated. Immediately in front of the thyroid evagination arises 
the buccal part of the tongue ; behind it is produced the pharyngeal 
part. The foramen caecum in the sulcus terminahs marks the site at 
which the thyroid evagination began (Fig. 310, B). The endodennal 
vesicle thus formed grows downwards and backwards through the tissue , 
in which the body of the hyoid will be formed, and as it extends, bifurcates. , 
The stalk of the evagination, at first hollow, apparently' represents a ; 
duct. The stalk quickly becomes sohd, breaks up and by the 6th 
week has disappeared. The epithelium of the main body of the out- 
growth proliferates, and in the 7th week forms a transverse plate ventra , 
to the larynx (Fig. 297). The plate is invaded and broken up into 
reticulating columns by the surroimding mesoderm. In the 3rd mon 
the epithelial cells become arranged as folhcles ; these at a later date 
are converted into vesicles. The original plate assumes a bent or horse- 
shoe form, the middle part forming the isthmus, the side parts the latera 



lobes (Figs, 318, 319). 

When the mtedian thyroid bud reaches the region of the larynx and 
spreads right and left to form lateral extensions, these extensions or 
lobes come into contact with the buds that are produced from the 4tn 
pharyngeal recesses (Fig. 317). From these arise thyroid tissue an 
also the upper pair of parathyroids (Fig. 317). Both thyroid and 
parathyroid become apphed to the dorsal aspect of the lateral lobes^ o ^ 
the median thyroid (Fig.. 319) — ^the larger part of each lateral lobe-being ^ 
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the product of the median bud. As vrill be seen from Fig. 317, S, the 
4th pharyngeal recess is complex in its nature, including a representative 
of the 6th recess, known as the ultimo-branchial body. It is this latter 
element that ^ves rise to the lateral buds of the thyroid. 

The thyroid is present in all vertebrates and, although it arises in a 
manner which suggests that at one time it was a gland of the mouth, yet 
in no animal does a functional duct persist. Its early origin in the embryo 
and its universal distribution in vertebrates point to the antiquity and 
importance of its function. We now suspect that all glandular structures 
had originally a double function, producing both external and internal 
secretions. It is reasonable to suppose that, as regards the thjroid, its 
excretory function has been lost. Vesicles contain colloid as early as 
the 3rd month and are apparently then functional [16], It is a suggestive 



fact that in amplubia the thyroid is suspended witlun one of the great 
. lymphatic sinuses of the neck [17]. 

,/ Thyro-glossal Duct. — In the great majority of human subjects the - 
thyro-glossal duct or stalk completely disappears at the commencement 
I of the 2nd month of development ; the foramen caecum marks one 
extremity, while a ligament or a pyramid of thyroid tissue prolonging the 
isthmus towards the hyoid bone often marks the other extremity (Fif». 
318). The pyratmd_pf^cisthimis may- carry-on ita detached part of 
the thyro-fiyoid muscle — the /cr^or glandulac thyroideae. The body of 
theTiyoid bone is developed dorsal to the tract of the thyro-glossal duct, 
but may invade it (Fig. 320). Remnants of the duct or of secondary 
detached acini of the thyroid may persist and form cysts or thyroid 
tumours in the base of the tongue above the hyoid, and commonly 
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have the power of compelling the mesoderm it invades to become 
Ijmiphoid in nature [13]. 

The thymus reaches its fullest growth in early cliildhood (3rd or 4tli 
year), and continues large as long as the body is in a state of active 
grovdh. It begins to shrivel up -when maturity is reached, and only a 
remnant is left as a rule, less remaining in men than in women [14]. 
It receives its blood supply from the 4th aortic arches through the internal - 
mammary. In mamier of origin it resembles the tonsil ; indeed, it may 
be regarded as a buried tonsil. There is a profuse production of lym- , 
phoid cells in the gill clefts of fishes, many of which wander out, and by 
their phagocytic properties help to keep the gill surfaces clean. This 
fact throws some light on the origin of so much l 3 nnphoid tissue from the 
2nd and 3rd cleft recesses in higher animals. 

The Thyroid [15]. — ^The site at which the thyroid gland arises is shown? 
in Fig. 296, p. 346 — on the floor of the pharjmx behind the tuberculumf,. 
impar and exactly in the middle line. The enddderni- of the' retro-' 
mandibular groove gives rise to a saccular diverticulum almost as soon 
as the fore-gut becomes differentiated — early in the 4th week of 
development. Indeed, it is the first of all glandular structures to be 
differentiated. Immediately in front of the thyroid evagination arises 
the buccal part of the tongue ; behind it is produced the pharyngeal 
part. The foramen caecum in the sulcus terminalis marks the site at 
which the th^fuoid evagination began (Fig. 310, B). The endodermal : 
vesicle thus formed grows downwards and backwards through the tissue . 
in which the body of the hyoid will be formed, and as it extends, bifurcates. , 
The stalk of the evagination, at j&rst hollow, apparently' represents a . 
duct. The staUc quicldy becomes sohd, breaks up and by the 6th. 
week has disappeared. The epithelium of the main body of the out- ’ 
gro'wth proliferates, and in the 7th week forms a transverse plate ventral . 
to the larynx (Fig. 297). The plate is invaded and broken up into 
reticulating columns by the surrounding mesoderm. In the 3rd month 
the epitheUal cells become arranged as follicles ; these at a later date 
are converted into vesicles. The original plate assumes a bent or horse- 
shoe form, the middle part forming the isthmus, the side parts the lateral 


lobes (Figs. 318, 319). 

"When the median thyroid bud reaches the region of the larynx and 
.1 spreads right and left to form lateral extensions, these extensions or 
\ lobes come into contact with the buds that are produced from the 4th 
V pharyngeal recesses (Fig. 317). From these arise thyroid tissue and 
^also the upper pair of parathyroids (Fig. 317). Both thyroid and 
parathyroid become applied to the dorsal aspect of the lateral lobes^ of | 
the median thyroid (Fig. 319) — ^the larger part of each lateral lobe-being \ 
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Para-thyroids.— Ticre are usually two para- thyroid or epithelial bodies 
on each side, an upper and a lower (Figs. 318, 319). Both are usually 
applied to the deep or posterior aspect of the thyroid body, the upper 
being situated amongst the terminal branches of the superior thyroid 
artery, the lower amongst the branches of the inferior [21]. They are 
flattened bodies, about 6 to 8 mm. in diameter, yellowish in colour when 
contrasted with the substance of the thyroid, but they cannot be 
recognized with certainty, except by their microscopic structure. 
Theii' origin is shown in Fig. 317 : the lower bodies (77/) arise from the i 
dorsal recess of the 3rd pair of pouches ; they are drawn into a low ( 
position b y^their attachmentJ -oJhe.Stalkjo f jbhe thymus (see Figs. 318, I 
319). The upper para-thyroids (7F) arise from the 4th pair of pouches J 
and become more or less united to the lateral thyroid buds (Fig. 319). 
In structure they are made up of reticulating columns of cells, with 
vessels arranged between the columns. It has been proved that their 
secretion regulates the calcium content of the blood. They have 
therefore the most intimate concern with the deposition and absorption 
of bone. How such bodies came to have their origin in the pharynx 
is still obscure. Parathyroid tissue may be drawn into the superior 
mediastinum by the thymus and there give rise to tumours [22]. 

Retropharyngeal Diverticula. — Diverticula occur in the hinder wall 
and also on the lateral wall of the pharynx, on a level ^vith the cricoid 
cartilage. Such diverticula are not of developmental origin but are 
acquired herniations [23]. Nevertheless, developmental diverticula do 
occur in a retro-cricoid position in some animals [24]. 
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(7] Just behind the main parotid bud there is a minor epithelial outgrowth 
that bcOTmes separated from its print of origin and takes up a position in the wall 
of the pharj-nx, just internal to the ascending ramus of the mandible. In the 3rd 
month It U invaded by lymphoid cells Mid disappears. It was first described 
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between tbe genio-glossns muscles [18]. They may also occur between 
the hyoid and 'thyro-hyoid membrane. The supra-hyoid or infra-hyoid 
bursae may also become cystic, and may be mistaken for thyio-glossal 
cysts (see Fig. 320). 

In lower vertebrates the lateral lobes of the thyroid are situated under 
the mandible. It is not uncommon to find in the right submaxillary 
region of man a thyroid tumour or cyst, evidently arising from an arrest 
in the descent of a part or of the whole of a lateral lobe. Abenant 
masses of thyroid are often met with in the neck, and frequently become 
the site of cystic tumours. Occasionally the lumen may persist in the 



Fio. 320. Section of the Plinrj’nx to show the Track of the developing Thyroid. In 
rare cases there is a fistula connected with the thyroid, which opens in front of the 
larjTix. The point of origin of the thymus outgrowth from the 3rd cleft may oe 
marked by a recess containing lymphoid tissue as is represented in the figure. Iub 
pjTiform fossa occurs at the site of the 4th and 5th clefts. The group of mucous 
glands in front of the epiglottis may give rise to cystic tumours. 


median thyroid and open as a fistula in front of the larynx (Fig. 320). 
Thyroid tissue has been observed in tumours of the ovary [19]. 

Ultimate Branchial Bodies. — In Fig. 317, B, is represented the endo- 
dermal outgrowth from the 5th or ultimate pharyngeal pouch. Like the 
thymic buds the lateral thyroid buds and superior parathyroids (IV) 
lose their connection with the embryonic phar;^x early in the 7th week. 
The pyriform fossa, within the ala of the thyroid cartilage marks their 
point of origin (Fig. 320). The blood supply suggests the double origin 
of the thyroid gland, for while the superior arteries supply the area 
assigned to the median outgrowth, the dorsal parts of the lateral lobes 
are nourished by the inferior thyroid branches of the 4th aortic arch [20].- 
The superior vessels represent the original arterial supply. 
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Para-thyroifls. — ^There are iisttally two para-thyroid or epithelial bodies 
on each side, an upper and a lower (Figs. 318, 319). Both arc usually 
applied to the deep or posterior aspect of the thyroid body, the upper 
being situated amongst the terminal branches of the superior thyroid 
artery, the lower amongst the branches of the inferior [21]. They are 
flattened bodies, about G to 8 mra. in diameter, yellowish in colour when 
contrasted with the substance of the thyroid, but they cannot be 
recognized with certainty, except by their microscopic structure. 
Their' origin is shown in Fig. 317 : the lower bodies (///) arise from the < 
dorsal recess of the 3rd pair of pouches ; they arc drawn into a low s 
position b y_their attachment . to stalkj) fJ^he thymus (see Figs. 318, | 

319). The upper para-thyroids (IV) arise from the 4th pair of pouches, J 
and become more or less united to the lateral thjroid buds (Fig. 319). 
In structure they are made up of reticulating columns of cells, with 
vessels arranged between the columns. It has been proved that their 
secretion regulates the calcium content of the blood. They have 
therefore the most intimate concern with the deposition and absorption 
of bone. How such bodies came to have tbeir origin in the pharynx 
is still obscure. Parathyroid tissue may be drawn into the superior 
mediastinum by the thymus and there give rise to tumours [22j. 

RetrophaiTngeal Diverticula.— Diverticula occur in the hinder wall 
and also on the lateral wall of the pharynx, on a level with the cricoid 
cartilage. Such diverticula are not of developmental origin but are 
acquired heruiationa [23]. Nevertheless, developmental diverticula do 
occur in a retro-ccicoid position in some animals [24] 
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CHAPTER XX 

ORGANS OF DIGESTION 


Divisions ol the Alimentary Tract. — It ia advantageous to approach 
the development of every system of the body by a recapitulation of the 
various evolutionary stages, so for as these stages are known to us. As 
regards the evolution of the various parts of the alimentary system, com- 
parative anatomy does not help us greatly, because in even the lowest 
forms of vertebrates the main parts are already present — the mouth. 



FiQ. 321. The Form of the Alimeotary Canal In a Daman Embryo at the end of the 
41b wee Ic. 


oesophagus, stomach, liver and intestine. In tracing the development 
of the earliest digestive cavity (archenteron) of the human embryo 
(p. 57) we saw that its origin was essentially similar to that of the lower 
invertebrates and that the original mouth apparently became converted 
into blastopore, primitive streak and cloacal membrane. A new mouth 
is formed by the breaking down of the buccopharjngeal membrane (oral 
plate, Fig. 321} early in the 4th week ; we shall sec that a new kind of 
vent or anus is formed at a later stage in the development of the human 
embryo — -namely, at the end of the 2nd month of development. There 
are other reasons why comparative anatomy does not help us to under- 
stand the early stages in the development of the alimentary system, 
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which will be explained by a reference to Fig. 321. In the human 
embryo a part of the alimentary canal has become specialized and pre- 
cociously developed to form the yolk sac, a provision for the nourish- 
rnent of the embryo ; these embryonic adaptations mask and obliterate 
the ancestral stages in the evolution of the bowel (see p. 16). 

Y ith the development of the cephalic and caudal extensions of the 
embryonic plate the archenteron becomes differentiated into three parts 
(Fig. 322)-— the Mid-gut, which represents the central and chief part of 
the primitive cavity ; the Forc-gut and Hind-gut [1], There can be no 
doubt these represent three functional divisions. The mid-gut is 
supplied by the superior mesenteric artery and serves for one kind of 
digestion and absorption ; the hind-gut, supplied by the inferior 
mesenteric artery, is mainly excretory in nature ; the fore-gut, separated 
by the outgrowth of the liver from the mid-gut, is supplied mainly by 
the coeliac axis and serves the preparatory purposes of digestion. The 
pharynx, respiratory tract, oesophagus, stomach, liver and pancreas 
represent parts of the fore-gut. The hind-gut begins on the proximal 
side of the splenic flexure and extends to the anus ; the allantois, bladder 
and urethra are separated from its hinder end — the cloaca. 

Differentiation of Farts. — ^How rapidly the various parts of the ali- 
mentary system are differentiated during the 5th week of development 
will be seen by comparing Figs. 322 and 323. Fig. 322, which represents 
the alimentary tract of a human embryo near the end of the 4th week, 
shows the pharynx of large size, the lung bud beginning to evaginate 
from the floor of the fore-gut just behind the pharynx and at this date 
lying directly under the occipital part of the head ; the oesophagus and 
stomach and flrst part of the duodenum scarcely marked off from one 
another, all of them lying on the dorsal wall of the pericardium and 
directly under the cervical segments of the embryo. The evagination 
to form the liver indicates the junction of the fore-gut with the mid-gut. 
The latter division is in wide communication with the yolk sac. The 
various parts of the hind-gut' are already indicated. The condition 
towards the end of the 5th week is shown in Fig. 323. The oral mem- 
brane is gone ; the pharynx is relatively smaller ; the outgrowth of the 
pulmonary system is now very apparent, the oesophagus and stomach 
are longer and narrower ; the liver outgrowth has become massive , 
the mid-gut is tubular and V-shaped while the neck of the yolk is 
reduced to a duct (vitello-intestinal duct). The parts of the hind-gut 
have assumed a more definite shape. 

Erimitive Mesentery and Coelom. — ^Itwill be remembered that almost 
as soon as it appears, the ventral mesoderm becomes cleft into two layers 
— an outer applied to the ectoderm to form the somatopleure or body- 
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astinum, some distance 'alove the diaphragm [6]. This congenital 
condition must not be confused with herniation of part of the stomach 
and peritoneum through tho oesophageal opening in the diaphragm, 
an acquisition of adult life. 

Development of the Liver [6].— Before proceeding to describe the 
development of the stomach, it is convenient to deal first with the liver, 
because the manner in which this visens arises gives the key to the 



rio. 324 . rio. 325 fio 326 . 


Fio 324 Fore-gTit of aa Embrro «» the 4th week of derelopmeot. (Broman.) 

FIG. 323 Fore-KOt ofanEmhryoatUieeDdof the 5th week of dcTelopmeat. A., giU- 
bladder; IS, hepatic italk which gives ©tfrenlrst bud of pancreas (Broraan ) 

Flo 326 IrreguIaiSeparatjoQOflbeTtacfaraaQdOesopha^s. The upper or pbarya* 
geal part of the ocsopbatrus fonns « bhod sac; the fower part passes from the 
trachea to the itomach. *, Upperendof’*«(moniial'’eeptURtbetwcenoesphagus 
and trachea ; ** upper eod of the ’* normal *’ septuni. 

complicated developmental changes of the abdominal viscera. The 
human liver in its development repeats broadly the forms met 'uith in 
ascending the animal scale. In amph iosus the liver is merely a caecal 
diverticulum of the digestive canal ; in amphibians it is a modified 
tubular gland — the hepatic cells bein" _arrang^ in flin ders arbxmd the 
bile duc ts. In mammals the tubular airangement isTosTand a lobular 
form Tubstituted. In every case it is so placed that the blood, laden 
with the products of absorption from the alimentaryjtract or from the 
placenta, must come into intimate relationship with the hepatic tissue 
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part or plia^mx and the most posteri or part of t he cloac a. The anterior 
part of the co^omic space becomes the caAnty of the pericardium ; it 
lies beneath the pharynx (Fig. 322) and is separated from the peritoneal 
space by a transverse partition, the ^tum transv ersum ( 31, already 
marked at the beginning oCJtl ic 4th week. The primitive oesophagus 
crosses the u ppe r or dorsal border of the septum transversmn (Fig. 327). 
At each side of it is situated a communication between the pericardial 
and peritoneal spaces — ^the ple uro-jj critone al pass ages. These two 
passages arc separated not onily by the primitive oesophagus but also 
by the primitive median mesentery, which encloses the oesophagus 
(Fig. 327). 

Oesophagus. — In the 4th week the oesophagus of the human embryo 
resembles that of a fish ; it is merely a sphincter or constricted part 
between the pharjmx and stomach (Fig. 322). During the 6th and 7th 
weeks, when the neck is being differentiated and the pharynx and head 
separated from the heart and thorax, the oesophagus undergoes a rapid 
elongation. The chief cause of the elongation of the oesophagus is to 
be sought for in the development of the lungs and pleural cavities (Fig. 
325), by which the stomach is forced backwards in the body cavity. 
The oesophagus is of double origin ; the upper or retrotracheal part is 
derived with the trachea from the pharyngeal segment of the fore-gut , 
the lower or infratracheal part arises from the pregastric segment of 
the fore-gut. In the 5th week the pulmonary bud and tracheal groove 
are being separated from the oesophagus, the lateral septa that effect 
the separation beginning behin d and spreadin g forward s (Figs. 324, 325). 
Children are sometimes born in which the process of s^aration has taken 
place in an irregular manner (Fig. 326). The retrotracheal part en 
blindly, and is surrounded by striated pharyngeal musculature ; ® 

infratracheal part opens from the trachea, and is covered by uon 
striated muscle [4]. The oesophagus is at first lined by columnar 
epithelium, but in the 2nd month as it elongates the epithelium pro 
literates, forming several irregular layers, which almost occlude o 
lumen of the tube for a time. In the 5th month glands are forme m 
the submucous tissue. In the 6th week the oesophagus is only 2 nun. 
long at birth it measures 100 mm. (4 in.). Its commencement is 
surrounded by a sphincter formed by part of the inferior constrictor o 
the pharynx ; above this sphincter, in later life, a pouch {retropharyngea 
diverticulum) may arise; such pouches are never congenital in 
(see p. 377). At the lower or distal end the oesophagus is also closed y 
sphincter. The muscle coats are differentiated in the 7th wee^t e 


a 


circular first, the longitu dinal later. The stomach may bearr^edm 
its backward im^atidnV so that the ~cardia lies in the posterior me i 
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right and left masses do not correspond to the right and left lobes of 
the fully formed liver ; the separation between the right and left lobes 
is formed late, and has no fonotional sigmficance-.-' A iimr-feom the 
fundus of the gall bladder to the caval impression divides the liver into 
emb^onio and functional right and left halves (CantUe). 

The hepatic buds are developed josfc behind the sinus vennsus and 
between the vitelline veins, which arc also situated in the ventral 
mesentery (Fi^. 327, 329), but the main stems of the umbilical vebs 
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FlQ 328 FlO. 323 

Pw 328 Dissection Of the Septum lt»»svcT»wm of » KuToan Etnbtyo, on lla 

cephalic aspect, «atly In the ilKuect of nevelopiuent. 'thn leO. hilCla cut au.as 
to expose the yolk «ac. (After Lov ) 

PH3,329. Coronal eectkra of the Septum Tratusersum ofa nutnan Embryo m the 5th 
week of de> clopment, showiojt the liver trahcculaohivaOiDe. and teiae Invaded hr 
the terminal part* of the •rtlcUioe veins. (After Uis ) ' 


lying in the body wall (Fig. 329) arc not involved and come to lie on each 
side of the developing liver (Figs. 330, 331). The veins are broken up 
by the mgtowth ; from them startB an invasion of sinus-like capillaries 
which, with the surrounding mesoderm, penetrates the liver bud and 
breaks the solid cndodeimal processes into reticulating cylinders. 
According to F. T. Lexvis the hepatic processes perforate and proliferate 
witlm the lumina of the vitelline veins, the venous capillaries thus 
arising directly from venous spaces. Secondary processes arise from the 
primary hepatic reticulating cylinders and form smaller and smaller 
meshca of hepatic cells. The hepatic ceH&, first grouped in trabeculae, 
become arranged in lobular units ; round the periphery of the units 
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before passing into tbe general circulation of the body. It bas also an 
important blood function. • 

To imderstand tbe development of the liver, tbe condition of parts at 
the end of tbe 4tb week must be studied. At this time, tbe anterior 
wall of tbe yolk sac and that part of tbe fore-gut which becomes the 
stomach, lie in the dorsal wall of the septum transversum (Fig. 322), or to 
be more accurate, in the substance of the dorsal and ventral mesentery, 
which have not yet been differentiated from the septum transversum 
(Fig, 327). Two other views of the septum transversum are given in 
Figs. 328 and 329, which will assist the reader to understand the early 



fia. 327, The Mesentery of the Fore-gut and its Contents, viewed from the left 

side (schematic). 


relationship of the liver. When the liver bud grows out, it springs ffom 
the junction of the fore-gut and ^olk s ac (Fig. 327) and spreads into the 
tissue that becomes the ventraP mesentery of the fore-gut. The part 
of the gut from which it arises afterwards becomes the second stage d 
the duodenum. The hepatic bud is at first a fold-like diverticulum of 
the fore-gut, lined with endoderm ; from the upper or cranial end of the 
diverticulum arises the outgrowth of liver tissue ; its lower or caudal ena 
becomes the gall bladder and main bile ducts (Fig, 324). The diverti- 
culum is surrounded in the mesogastrium by a mass of mesodermal 
cells that form the vessels, cap^e and connective tissuamf the hver. 
From the hollow hepati^diverticulum arise right and left solid processes 
of endodermal cells, which invade and form masses round the right and 
left veins from the yolk sac — ^the vitelline veins (Figs. 327, 329). The 
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right and left masses do not correspond to the right and left lobes of 
the fully formed liver ; tbe separation between the right and left lobes 
is formed late, and has no functional dgnificance-.^ A 'litiirfcom the 
fundus of the gall bladder to the caval impression divides the liver into 
embryonic and functional right and left halves (CantUc). 

The hepatic buds are developed just behind the sinus venosus and 
between the vitelline veins, which arc also situated in the ventral 
mesentery (Figs. 327, 329), but the main stems of the umbilical veins 



Fio 32S Dissection of tlio Septum Transversum of a Human Smbrjo, \ Jewed on Ha 
cephalic aspect, early in the 4tti Week of development. The IcU half Is cut away 
to expose the yolk sac. (An«r l.ow.) 


yio 323 Cotonal section of thoSeptnmTfansversmn of annman Uitibryf) In the 6lh 
week of development, showing the bm trabeculae Invadis?, and beinciovaded hr. 
the terminal parts of the vitelbnc reins (After Ills ) 


lying in the body wall (Fig. 329) are not involved and come to lie on each 
side of the developing liver (Figs. 330, 331). The veins are broken up 
by the ingrowth ; from them starts an invasion of sinus-like capillaries 
which, with the surrounding mesoderm, penetrates the liver bud and 
breaks the solid endodcrmal processes into reticulating cylinders. 
According to F. T. Lewis the hepatic processes perforate and proliferate 
within the lumina of the vitelline veins, the venous capillaries thus 
arising directly from venous spaces. Secondary processes arise from the 
primary hepatic reticulating cylinders and form smaller and smaller 
meshes of hepatic cells. The h^atic cells, first grouped in trabeculae, 
become arranged in lobular units ; round the periphery of the units 
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are the terminal portal venules ; in the centre of each unit is the begin- 
ning of a tributary to the hepatic vein ; the jDortal or placental blood 
as it passes from the periphery to the centre of each lobule is exposed to 
the action of the liver cells. Growth takes place by successive division 
or dichotomy of the lobules ; the chief areas of proliferation save sub- 
capsular, being always at the surface of the organ. Growth is particularly 
rapid during the 2nd and 3rd months, the liver reaching its largest relative 
size at this time. At birth there are over half a million lobules. Up to 
the 10th week, when the foetus is 42 mm. long, the right and left halves 
have grown symmetrically, but then occur the retraction of the bowel 
from the umbilical cord and the enlargement of the stomach, leading to an 
atrophy of part of the left lobe. The ducts willdn the liver, unlike those 



of any other gland, arise by a secondary process. Undifferentiated 
tissue lying along the distribution of the portal veindn the liver, group 
themselves into cords, develop lumina, become covered by mesodermal 
tissue and thus form the iatra-hejpatic bile ducts. 

Veins of the Liver. — Within the liver the two vitelline veins become 
divided so as to form two sets of vessels — ^afferent or distributing and 
efferent or collecting veins. In the 6th week a number of remarkable 
changes occur : (i) the left umbilical vein, which opens at first in the 
left duct of Cuvier (Fig. 329), establishes a communication with the portal 
sinus in the transverse fissure of the liver (Fig. 331) ; (ii) the right 
umbibcal vein disappears ; (in) a new channel — ^the ductus venosus— 
is opened between the portal sinus and the inferior vena cava ; {iv) a 
subdiaphragmatic commrmication opens up between the terminal parts 
of the vitelb’ne veins, to become the left hepatic stem (Fig. 331) ; (i^) the 
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right vitelline vein, all except its terminal part, becomes obliterated 
(Fig. 331). 

Gall Bladder and Bile Ducts. — ^The hepatic diverticulum, from which 
the liver buds arise, may be regarded as a direct extension of the fore-gut. 
From its hinder part (Fig. 324) are developed the common bile duct, the 
gall bladder, and the cystic duct which is formed at the junction of the 
gall bladder and common bile duct. The hepatic ducts arise within the 
solid liver outgrowths. At first the gall bladder lies in the ventral 
mesentery (gastro-hepatic omentum or ligament) — a position that is 
permanent in some vertebrates and^may occur as an anomaly in man. 
In the 2nd month it becomes embedded in the hepatic tissue, its fundus 



appearing on the diaphragmatic surface ; at a later date it assumes its 
superficial position. The lumen of the gall bladder and also ofthe ducts 
is occluded by an epithelial proliferation during the 2nd month, as also 
is the lumen of the duodenum. Shallow diverticuli are formed in the 
wall of the main ducts. Children are sometimes born with atresia of 
the gall bladder and of the hepatic duct system [7]. The coats of the 
gall bladder become differentiated in the 3rd month, the muscular coat 
corresponding to the muscularis mucosa of the intestine. A spiral 
ridge becomes developed in the neck of the bladder in the 4th month, 
glands appearing in the mucous membrane of the neck about the same 
time [8], Originally its veins end in the adjoining hepatic tissue. 
Occasionally the bud for the gall bladder divides, giving rise to a bifid or 
double gall bladder. Round the termination of the common bile duct, 
which is devoid of a muscular coat, a sphincter is developed from the 
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musculature of the duodenum (see p, 400), The manner, in which the 
common bile duct, hepatic artery and portal vein come to occupy the 
free edge of the ventral mesogastrium will be described in another 
paragraph. In some am'mals, such as the rat and horse, the gall bladder 
is absent [9], The gall bladder is for the concentration of bile ; it is 
absent in animals (herbivora) in which the bile is plentiful and dilute 
(Schmidt and Ivy). Bile begins to be excreted by the liver in the 12th 
week [10]. 

Separation of the Liver from the Septum Transversum. — ^As the liver 
develops, the dorsal and ventral mesenteries of the fore-gut, in the sub- 



FiG. 332. The origin of the Peritoneal Ligaments which connect Uie Liver with sur- 
rounding parts from the primitive mesenteric sheet. The liver is supposed to na^ e 
been removed, leaving the primitive mesenterj- intact. 


stance of which the liver' and stomach are formed, become differentiate 
from the tissues of the septum transversum. The typical arrangement 
of these membranes, as seen in reptiles, is shown in Fig. 332. In the 
dorsal mesentery (mesogastrixun) lie the inferior vena cava and arteries 
of the fore-gut ; in the ventral mesentery (gastro-hepatic omentum) are 
contained the terminal parts of three veins — ^the umbilical, port al and 
infer ior ve na cava, the last vessel reaching the ventral mesentery by 
passing to the right of the oesophagus.. The liver develops within both 
ventral and dorsal mesenteries, but that part of the mesentery in which 
' it and the inferior vena cava lie — ^the mesohepar — becomes separated 
from the part that is occupied by the bile^'diicts, portal vein and the 
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stomach (Fig. 333). Broman found that this separation, which occurs 
in all higher vertebrates, takes place towards the end of the 4th week 
in the human embryo, by the development of a recess in the mesentery— 
the mesenteric recess — which commences on the right side of theduodenum 
and extends forwards (sec Fig. 335). The mesenteric recess [11] (bursa 
omentalis, Broman) fonns the vestibular or hepatic part of the lesser 
sac of the peritoneum, and extends from the foramen of Winslow to 
behind the Spigelian lobe of the liver {sec Figs. 334, 335 and 336). When 
the liver and stomach ate removed in the course of dissection, the 
attachment of the mesobepar (mcsohcpaticiim, Fig. 336) will bo seen 
to bound the Spigelian part of the lesser sac on the right, while on its 
left side, the dorsal mesogasttium has been evaginated to form the main 



Fig 334 The Visceral Surface of the lj\er of « Foetus, 13 mm , In the 7th week of 
derctopment. (r. TtiorupeoD } 

body of the lesser sac. Thus it will be seen that the dorsal and ventral 
mesenteries of the fore-gut are split into a right lamina {t^ mesobepar) 
and a left lamina (the mesogastriuj n) by the* development of a'rec^s 
that forms the earliest and first part of the lesser sac. The mesenteric 
recess at first extends forwards in the mesentery of the oesophagus 
almost to the right lung bud— a condition that is constant in reptiles. 
There is a corresponding forward prolongation on the left side of the 
oesophagus. BTien the lungs expand and the diaphragm is being 
formed during the 7th week, the apical part of the mesenteric recess is 
cut off and left within the thorax— to the right of the oesophagus and 
just above the diaphragm. To this detached part Broman has given 
the name of infra-cardiac bursa (Fig. 334). It usually disappears at the 
end of foetal life, but a remnant can often be found in the posterior 
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mediastmiim of adults if careful search is made. The peritoneal pro- 
longation on' the left side disappears at the same time. 

Ligamente o£ the Liver. — When the liver separates from the septum 
transversum towards the end of the 2nd month of development, it is 
attached to the walls of the abdomen by peritoneal ligaments derived 
from the dorsal and ventral mesenteries of the fore-gut (Figs. 332, 333). 
These are the following : 

1. The gaslro -hepatic omentum, or ligament, is that part of the ventral 
mesentery which passes from {i) the oesophagus, (n) lesser curvature 


inf. uen. cau. 



Fig, 335. Diagr.im of the Primitive Attaclmients of the Visceral Mesentenes to the 
Posterior WaU of the Abdomen as seen in a Low Primate (Lemur coronatus). in* 
condition iUustrates an early developmental phase in the human foetus. 

or ventral border of stomach, and (m) first stage of duodenum to (d 
the diaphragm, {ii) the posterior part of the longitudinal fissure of the 
liver, the duct us venosus lying within its hepatic attachment, and 
the transverse fissure of th^liver (Fig. 333). The portal and umbilica 
veins lie in the ventral mesentery (Fig. 332) ; the hepatic artery passes 
by it to the liver. The right or free border of the gastro-hepatic 
omentum, with the falciform ligament containing the remnant of the 
umbilical vein, represents the posterior border of the primitive ventra 
mesentery (Fig. 332). 

2. The falciform ligament, containing the umbilical vein, also repre- 
sents part of the ventral mesentery. At an early stage of development 
(Fig. 329) the umbilical veins reach the sinus venosus by passing througn 



for. of Winsl. 
gast hop. om. 



liver to the diaphragm, looking on the right and left lateral ligaments as 
mere processes of the mesohepar. 

Morphology of the Liver [12].— The liver in upright or orthograde 
primates — a group to which man and anthropoid apes belong — differs 
widely in form and lobulation from that of mammals generally, but 
traces of the fissures and lobes of the typical mammalian liver can often 
be found in the human organ. The Hver of a dog or of a dog-like ape 
consists of three main lobes— right, middle and leftr— and two accessory 
lobes, the spigelian and caudate (Fig. 337). In man, the right and middle 
lobes are united, but traces of the fissure that should separate them (the 
right lateral) are frequently to be seen in the liver of the newly bom 




392 


HXBIAN EMBRYOLOGY AND MORPHOLOGY 


child (Fig. 338). The caudate lobe has become reduced in man to a 
vestige, but in the 3rd-month foetus it is of considerable size (Figs. 334, 
338). It projects from the liver at the upper boundary of the foramen 
of Winslow ; in many animals it rivals the right lobe in size. The 



Fiq. 337. Diagram of a Mammalian Liver viewed on its ventral aspeet. 

caudate fissure separates the caudate from the right lobe, and a trace of 
this fissure is very frequently to be observed in the hmnan liver (Fig- 
338). Irregular lobulation of the liver is not imcommon ; the condition 
seen in the 6th week, when the gall bladder and umbilical vein occupy 


Spigelian eaud. lobe 



Hg. tere. 


caud. fis. 
right lat lobe 
right lat. fissure 
bladder 


middle lobe 

Fxa. 338. The lower sxirface of the Liver of a Human Foetus during tli^Srd month, 
showing vestiges of fissures and lobes of the typical mammalian liiver. 

a common fissure, may be retained. The quadrate lobe arises in the 
7th week from the left lobe (Fig. 334) and grows across the fesure 
occupied by the umbilical vein to occupy the space between the vein an 
gall bladder (P. Thompson). The structures in the transverse fissure, 
especially the -hepatic artery, show a wide range of . individual varia- 
tion [13]. 
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Changes in the Liver after Birth. — ^During foetal life the liver increases 
rapidly in volume in comparison with the other abdominal organs, 
attaimng its largest size lelativo to other organs in the 3rd month 
(Frazer). At birth it occupies nearly half of the abdominal space, and 
measures one-thirteenth of its hnal volume. The left lobe may still 
roach, and even overlap, the spleen. Up to the time of birth nucleated 
red blood corpuscles multiply within it (p. 468). After birth two factors 
come into operation that lead to a diminution in size and change of 
shape. It is supplied before birth by placental instead of portal blood ; 
at birth, its blood^foiining function ceases ; its ra^ of growth becomes 
proportionately less than that of other abdominal organs. The stomach, 
formerly empty, becomes now filled, and presses the liver towards the 
right side, causing a change in shape and partial atrophy of thd left lobe. 
Riedel’s lobe is a Ungulform prolongation of the right lobe bclbw the lOth 
right costal cartilage caused by compression of the waist. J^tis-ne^r 
present at birth. 

The Stomach.— The stomach is developed out of that part of the fore- 
gut which lies between the oesophagus and pharynx in front and the 
yolk sac, duodenum and liver bud behind. In the 4th week (Fig. 322) 
the stomach is situated in the neck, >vith the cervical somites dorsal to 
it, the pericardium ventral to it, while on each side is the coelomic 
passage, which leads from the pericardial to the peritoneal spaces 
(Fig. 327). At this time heart, lungs and stomach lie near the exit of 
the vagal fibres from the central nervous system. During the 6th and 
7th weeks, as we have already seen, the groivth of the lung buds leads to 
an elongation of the oesophagus and a backward migration of the 
stomach, which, from being a cervical structure, comes to lie level with 
the lower thoracic segments. At first its dorsal and ventral mesenteries 
arc undifferentiated from the septum transversum. In the 5th week the 
gastric part of the fore-gut shows a dorsal bulging — the greater curvature 
(Fig. 325). As the liver and gut arc developed, the stomach separates 
itself from the septum transversum and comes to be suspended from the 
dorsal wall of the coelom by the dorsal mesogastrium (Fig. 332). The 
gastro-hepatic omentum is part of the ventral mesogastrium. The oeso- 
phageal end of the stomach lies between the vertebral or spinal fibres 
of the diaphragm, which develop m its mesentery ; the outgrowth of 
the liver bud fixes its pyloric end in the ventral mesogastrium. Three 
changes quickly ensue during the 6th and 7th weeks, the one being 
partly dependent on the other : 

(i) The dorsal border of the stomach, to which the dorsal mesogastrium 
is attached, grows more rapidly than the ventral border to which the 
ventral mesogastrium is attached. The greater and lesser curvatures 
are thus produced. 
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{ii) Tha fundus of the stomach is produced as an outgrowth from tke 
dorsal border, its origin being similar to that of the caecum from the 
large intestine (Fig. 339, A). 

{Hi) While a ventral mesogastrium attached to the lesser curvature 
undergoes a relatively slow groviih, the dorsal mesogastrium is affected 
by a ver}’- rapid expansion (Figs. 341, 342). Because of the discrepancy 
in the growth of these two membranes, the greater curvature of the 
stomach becomes freely movable, while the lesser ciursmture remains 
relatively fixed. 

The three factors just enumerated lead to a rotation of the stomach, 
the greater curvature mo%dng to the left, while the surfaces formerly 



Fig. 330. 


A. Stomach of a Human Foetus about the end of the 3rd month, shoving the outgrowth 

of the Fundus of the Stomach. (Wood-Jones.) 

B. ' Section across the Fundus (the line of section is indicated in A), showing the differen- 

tiation of the four coats of the stomach. (Wood-Jones.) ■ 

right and left, carrying the corresponding vagus nerves, become posterior 
and anterior. Rotation is already evident in the 5th week of develop- 
ment (Broman). All of these changes are adaptations to allow the 
stomach to expand when fiUed and contract when emptied. As the 
stomach fills, it is the greater cmrvature that expands ; the lesser 
curvature remains relatively fixed. By the commencement of the 4th 
month the stomach is demarcated into a wide, verticai, cardiac part, and 
a narrower horizontal or pyloric part. The pyloric sphincter becomes 
differentiated towards the end of the 2nd month, and it is then possible 
to see a distinction between pylorus and duodenum. 

Rotation of the Stomach. — ^Rotation of the stomach is brought about 
by a complicated series of growth changes which involve not only the 
stomach itself but all structures in its neighboui’bnnd. The extent of 
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these growth changes are made o^dent in Figs. 341 and 342. In Fig. 
341 the stage of rotation early in the 7th week is shown ; in Fig. 342, a 
stage reached m the 8th week. In Fig. 341 the liver has been removed 
to show the formation of the mesenteric recess and the growth of the 
omentum along the greater curvature of the stomach. In Fig, 342 the 
dorsal mesentery of the stomach is shown expanding into the left side 
of the abdomen, carrying within it the omental extension of the “ lesser 
sac ” or mesenteric recess. The exact factor that initiates and brings 
about the expansion and rotation of the stomach towards the left side 
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Fio. 340. 'Dk lUUUoQstU;! of the Spl«cn, Puktc»« Ll%tr to the MnogastTlum 
In the Embryo (purely schematic). 

of the body we do not know ; the process naay be reversed— the pyloric 
end swinging to the left, the cardiac end to the right. Rotation of the 
stomach is of ancient origin ; it occurs in reptiles [14J. 

Differentiation of the Coats of the Stomach [15]. — A section of the wall 
of the stomach at the end of the 3td month of foetal life (Fig. 339, B) 
shows (i) an endodermal Vming everywhere thrown into depressions or 
pits— the primary gastric pits—fiom which gastric glands will be pro- 
duced during the 4th month; (ii) an extremely thick submucous layer ; 
(til) a circular muscle coat, with nerve fibres and ganglion cells applied 
to its outer surface ; while the circular coat appears during the 7th 
week, the outer longitudinal coat is not differentiated until the 4th 
month ; and (u’) peritoneal coat. The primary gastric pits appear at 
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{ii) The fundus of the stomach is produced as an outgro^vth from the 
dorsal border, its origin being similar to that of the caecum from the 
large intestine (Fig. 339, A). 

(in) YTiile a ventral mesogastrium attached to the lesser curvature 
undergoes a relatively slov' grovtli, the dorsal mesogastrium is affected 
by a very rapid expansion (Figs. 341, 342). Because of the discrepancy 
in the growth of these tAvo membranes, the greater curAmture of the 
stomach becomes freely movable, while the le.sser ciirAmture remams 
relatively fixed. 

The three factors just enumerated lead to a rotation of the stomach, 
the greater curvature moving to the left, Avliile the surfaces formerly 



FlO. 330. 

A. Stomach of a Human Foetus about the end of the 3rd montli, sho^ving the outgrowth 
of the Fundus of the Stomach. (Wood-Jones.) 

S.' Section across the Fundus (the line of section is indicated in A), showing the differen- 
tiation of the four coats of tlie stomach. (Wood-Jones.) ■ 


right and left, carrying the corresponding vagus nerves, become posterior 
and anterior. Rotation is already eAudent in the 5th week of deve op 
ment (Broman). All of these changes are adaptations to alloAV 
stomach to expand when filled and contract when emptied. As ® 
stomach fills, it is the greater curvature that expands; the lesser 
curvature remains relatively fixed. By the commencement of the it 
month the stomach is demarcated into a wide, vertical, cardiac part, an 
a narrower horizontal or pyloric part. The pyloric sphincter becomes 
differentiated towards the end of the 2nd month, and it is then possible 


to see a distinction between pylorus and duodenum. 

Rotation of the Stomach. — ^Rotation of the stomach is brought about 
by a complicated series of groAvth changes which involve not only the 
stomach itself but all structures in its neighbourhood. The extent of 
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permeated liy fine bmiicheH of the Rplciuc artery. 'J’his artery U one of 
the vessels of tlie incsogastririm (Fig. 313); its ))rivnches i-nd in Uic 
developing tissues of tlie spleen and greater curvature of the stomach. 
The splenic blood sjiaccs are fornie*! «luring the earlier part of tijc 3rd 
month by dilatation of the Mpillarics, and pfrliaps also from veins 
which, in the developing spleen, aro lined by columnar cells. The trabn* 
cular and muscular ti.ssuc.s, and the eap.sule, arc derived from the 
mesoderm of the dorsal mcsogaslrium. .Small massc-s of splenic tissue 
(accessory spleens) arc occasionally formed in t)ic dorsal inmgaRtrium 
near the hilura of the spleen. In lower mammals tljc splenic formation 
spreads hackw’ards until it forms a robe lohe lying in the dorsal iiK'sentery 
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the end of the 2nd month ; in the 3rd sohd processes grow ^nthin the 
submucous coat, thus forming the epithelial bases of the gastric glands. 
Parietal cells begin to form at the end of the 3rd month. Even as late 
as the 5th month of foetal life the mucous membrane in the pyloric 
region has a villous appearance owing to upgro^vths between the mouths 
of the primary gastric pits. True villi, however, commence at the distal 
border of the pylorus. 

The Spleen [16]. — ^Although the spleen is part of the blood system of 
the body I have retained it here because its mode of origin shows that 
it must have been originall}’’ a part of the ahmentary system. It 



Fig. 342. The state of parts in the Subdiaphragmatic Eegion of the .Abdomen, during 
the 8th Treek. (After Prentiss.) 


A, gastro-liepatic ligament ; B, stomach ; C, great omentum ; D, duodenum ; 

E, E, portal vein ; oes., oesophagus ; PM., pneumatic recess ; V.C., vena 

cava ; V.F., venous fold of peritoneum ; M.R., mesenteric recess ; W.B., 

Wolffian- body ; A.O., abdominal aorta ; W.F., AA'olffian fold ; B.O., right dia- 
phragmatic opening ; B.O., left diaphragmatic opening. 

arises in connection with the stomach, and its blood, like that of the 
alimentary tract, enters the portal circulation. The spleen is formed m 
the dorsal mesogastriiun above the cardiac end of the stomach (Pigs. 340, 
342) and grows out from the left surface of the mesogastrium (Pig- 343). 
It appears at the beginning of the 6th week by a locahzed growth of the 
mesoderm (mesenchyme) in the mesogastrium. The splenic condensa- 
tion, as just mentioned, projects on the left aspect of the mesogastrium, 
the projection being covered by a special stratum of coelomic meso- 
thehum, four to five cells in depth. During the 7th week, cells of the 
superficial stratum invade the original condensation. Thus the entue 
substance of the spleen is derived from tissues of mesogastrial origin. 
Eetcular tissue develops in its substance ; -in the spaces of this tissue, 
large lymphoid cells appear at an early date, ^he reticular tissue is 
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permeated by fine branches of the splenic artery. This artery is one of 
the vessels of the mesogastrium (Fig. 343) ; its branches end in the 
developing tissues of the spleen and greater curvature of the stomach. 
The splenic blood spaces arc formed during the earlier part of the 3rd 
month by dilatation of the capillaries, and perhaps also from veins 
which, in the developing spleen, axe lined by columnar cells. The trabe- 
cular and muscular tissues, and the capsule, arc derived from the 
mesoderm of the dorsal mesogastrium. Small masses of splenic tissue 
(accessory spleens) arc occasionally formed in the dorsal mesogastrium 
near the hilum of the spleen. In lower mammals the splenic formation 
spreads backwards until it forms a colic lobe l 3 dng in the dorsal mesentery 



of the hind-gut [17]. In the 3rd month the surface of the spleen is 
nodular and deeply mcised ; about the middle of foetal life the fissures 
begin to disappear ; only on the anterior or gastric border do they persist. 
The spleen differs from a lymph gland in that its spaces are formed by 
dilatations of blood capillaries in place of lymph capillaries. The 
endothelial cells that line the blood spaces and the reticular cells that 
support the endothelial cells seem to be of the same nature, both adding 
to the blood a kind of white corpuscle, known as histiocytes [I8J. 
Lymphoid nodules appear in the spleen about the 6th month. Lympho- 
blasts appear in the blood spaces of the spleen in the 4th month. 
Presently these give rise to erythroblasts, myeloblasts, megakaryocytes. 
In the later months of foetal life red corpuscles are formed and so are 
lymphocytes. The development of the spleen in the mesogastrium 
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and the termination of its blood in the portal circulation suggest that 
the spleen is concerned in some way with digestion [19]. It certainly 
serves as a blood reservoir (Barcroft). 

The gastro -splenic ligament or omentiun is that part of the dorsal 
mesogastrium which unites the spleen to the stomach (Figs. 340 and 343). 
It becomes elongated and stretched as the stomach rotates and as the 
greater curvature is developed. The spleen comes to lie against the 
posterior (right) surface of the cardiac end of the stomach. The dorsal 
part of the mesogastrium between the roof of the coelom and the spleen 
becomes the lieno-renal ligament. The rotation of the stomach also 
leads to the spleen being tlirust towards the left side ; the dorsal or renal 
surface of the spleen becomes applied to the peritoneum covering the 
anterior surface of the left Iddney and supra-renal body (Fig. 343). The 
part of the mesogastrium between the spleen and oesophagus adheres to 
the diaphragm and forms the lieno-phrenic ligament. The manner in 
which the dorsal mesogastrium becomes applied and adherent to the 
posterior Avail of the abdomen during the 2ud and 3rd months will be 
described in connection Avith the secondary attachments of the peritoneum 
and mesenteries (see p. 403). Minor folds of peritoneum are frequently 
formed between the spleen and great omentum [20]. 

The Pancreas [21]. — The pancreas appears in the latter part of the 4th 
week of development as tAA'^o outgroAvths from that part of the fore-gut 
Avhich becomes the duodenum. The pancreatic buds develop Avithin the 
ventral as Avell as within the dorsal mesentery for, at their points of 
origin from the duodenum, these two mesenteries are in continuity 
(Fig. 340). Of the two buds one is a minor process which springs from 
the ventral aspect<«f the duodenum in co mm on Avith the hepatic diverti- 
culum (Fig. 344, A). The ventral bud is usually double [22], but in 
man the left outgroAvth commonly atrophies, while the right goes on to 
form part of the head of the pancreas (Fig. 344, B). The duct of the 
right ventral bud becomes the terminal part of the main pancreatic duct 
(duct of Wirsung) ; the ventral bud forms the lower part of the head of 
the pancreas and the process that projects behind the portal vein 
(uncinate process) [23]. The greater part of the pancreas is formed by 
the dorsal bud that arises from the duodenum nearer to the pylorus 
than the hepatic outgroAvth [24]. It groAvs into the dorsal mesogastrium, 
towards the spleen (Fig. 340). The rotation of the stomach, the migra- 
tion or displacement of the duodenum towards the right side of the 
abdomen, Avith a developmental rotation in the wall of the duodenum, 
bring about, during the 6th and 7th weeks, a displacement of the 
termination of the common bile duct and of the ventral pancreas to the 
inner or mesial side of the duodenum, the ventral pancreas being thus 
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brought in contact with the dorsal pancreatic outgrowth (Fig. 344, B). 
In animals in which both right and left ventral outgrowths of the pancreas 
persist, the left may send a process within the gastro-hepatio omentum, 
round the hile duct, almost to the transverse fissure of the liver. A repre- 
sentative of this omental lohe is occasionally present in man (Fig. 345). 
The ducts of both processes may persist, the duct of the dorsal bud (duct 
of Santorini) opening half an inch above the opening of the bile duct ; 
the duct of the ventral bud (Wirsung’s) terminates with the common 



B. The stage reached In the 7th »eeV. The duodeoal loop has migtated towards the 
right, while the termination of the bile dact and "ventral bud" of the pancreas 
ha\e tao>ed to the lanes or medial aide of the duodenum. 

Cld . common bile duct ; Ilep. Duet, hepatic duct (stalk of liver bud) ; Cl Bl , 
gallbladder; duet 0 / 11' , duct of M'irsung; duel 0 / .5 , duct of Santorini. 


bile duct (Fig. 345).' The tenninal part of the duct of Santorini com- 
monly becomes obliterated ami the secretion of the dorsal pancreatic 
outgrowth finds a new exit through an anastomosis between its duct 
system and that of the ventral bud, which is effected in the 3rd month. 
Even if the duct of Santorini persists, the secretion from the dorsal bud 
reaches the duodenum mostly through the duct of the ventral bud— the 
duct of IVirsimg. Occasionally the duct of IVirsung does not join the 
common bile duct, but opens separately in the duodenum. 

The Vaterian Ampulla.— During the latter half of the 8th week, while 
the lumen of [the second part of the duodenum is occluded by an 
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endodermal proliferation, changes are taldng place in tlie intra-intestinal 
(terminal) part of tlie common bile duct and in the corresponding part 
of the duct of the pancreas. Their common opening becomes produced 
into an elevation within the duodenum, the duodenal papilla [25]. On 
this papilla the ducts open. In Fig. 346, A, is shown a section of the 
papilla at the end of the 8th week ; the ducts are seen to meet in a 
common terminal passage — the ampulla of Vater — within the papilla. 
In more than 60% of adults the ampulla is divided by the partition (so), 
between the bile and pancreatic passages, reaching the apex of the 
papilla. A circular sphincteric musculature (sphincter of Oddi) is 
developed, not only round the terminal ducts but also round the ampulla. 
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FlQ. 345. Diagr.im of tlie Pancreas showing (1) its primary relationship to the Dorsal 
and Ventral Mesenteries ; (2) the jiarts formed from the Ventral and Dorsal Out- 
grondhs; (3) the Formation of the Duct of Wirsungidnef o/ IF.) by a union between 
the Ducts of Dorsal and Ventral Buds. 


It appears in the 7th week, and is developed out of the mesenchymal 
coats of the ducts. 

The developing pancreatic process is at first hollow, like the primary 
liver process, but the secondary outgrowths are solid and cylindrical. 
They divide and redivide, acquire lumina, and form an acino-tubular 
gland. About the end of the 3rd month some of the acini, particularly 
in the tail of the pancreas, already distinguished by the staining reaction 
of their cells, become partially or entirely separated from the duct- 
system and form the islands of Langerlmns [26]. They can be recognized 
by the naked eye in the pancreas of certain fishes and removed by knife 
and forceps. The semi-isolated acini, of which there are several 
hundreds, are found in all parts of the pancreas, and represent the first 
stage in the separation of . an ordinary duct gland into two elements — 
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one producing an external secretion, the other a highly important 
internal Bccretion. We see from the example of the pancreas how 
ductless glands like the thyroid and pituitary may have arisen from duct 
glands by atrophy of the excretory part. The capsule and connective 



C Where there Is no ampulla, the partition (r) being prolongetl to the ape^ of the 
papilla. 

tissue of the pancreas are derived from the mesoderm of the dorsal 
mesentery. 

Relationship o! the Pancreas to the Peritoneum anfl Vessels, — 1, In the 
Embryo . — ^The pancreas develops between the layers of the dorsal meso- 
gastrium, just where this structure is b^g expanded to form the wall of 
the omental sac (Fig. 341). From the first it is completely surrounded 
by peritoneum, and it lies with its tail directed forwards against the 
spleen and its head in the dorsal bend of the duodenal loop (Fig. 347). 
It comes to lie parallel to the great curvature (dorsal border) of the 
stomach. In Fig. 347 a schematic drawing is given of the essential 
relationship of the pancreas to the dorsal mesogastrium in lower verte- 
brate animals ; it also represents the condition to be seen in a human 
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embryo during the 6tli week of development, when the dorsal mesentery 
is swollen with young tissue and attached along the mid-dorsal line. 
The coeliac axis is the artery of the mesogastrium and of the structures 
that it contains ; it may be described as the artery of the fore-gut. The 
coronary artery passes direct to the cardiac end of the stomach; the 
splenic is a short vessel ending on the cardiac dilatation of the stomach, 
and supplying the spleen ; the hepatic passes on the right side of the 
pancreas to the duodenum and pyloric end of the stomach, and ends in 
the liver by passing through the ventral mesentery. As the stomach 



Fjg. 347. Schematic representation of the Dorsal Mesogastrium and its contents. 


migrates backwards during the 'Gth and 7th weelrs, the origin of the 
coeliac axis moves also. 

2. In the Adult . — ^The development of the great omentum and the 
rotation of the stomach to the left, lead to the pancreas being pressed 
against the left side of the posterior wall of the abdomen. That part of 
the dorsal mesogastrium which lies between the stomach and pancreas 
becomes elongated enormously, during the 3rd and 4th months, to form 
the great omentum, and hence the two anterior layers of the great 
omentum are attached to the great curvature of the stomach and to the 
gastrosplenic omentum (Figs. 347, 348). The two posterior layers of 
the omentum end on the lower (formerly ventral) border of the pancreas. 
The great omentum is well developed in all mammals, its origin being 
probably related to that of the diaphragm. Its exact function is 
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unknown, but it is connected witt respiratory movements, with the 
absorption, and perhaps also with the secretion, of peritoneal fluids j it 
is a great phagocytic mechanism. The duodenal loop, with the head of 
the pancreas in its concavity, is also pressed against and becomes closely 
attached to the posterior abdominal wall. During all the changes 
which take place in the position of the pancreas and spleen, owing to the 
rotation of the stomach and intestine, one structure remains fixed, and ^ 
that is the coeliac axis. The part of the mesogastrium in which the ' 
spleen and tail of the pancreas are situated becomes greatly drawn out. 
Both structures, instead of being situated near the middle line dorsal to 
the stomach, are moved to a position in front of the left kidney, the 


mesogastrium becomes 



Flo. 343. Diagram to sliow the Foroiatinn of the I.esser Sac of the Perltotieuiu from the 
Dorsal Stesogastrluia. The anow Ucs in the btluaua betweea the vestibular sod 
omeotal parts 


pancreas thus coming to lie across, instead of along, the abdo min al cavity. 
The mesogastrium is ballooned out towards the left side to form the 
lesser sac*of the peritoneum, and as the splenic artery lies in the meso- 
gastrium it also is drawn towards the left,. circumventing the lesser sac 
of the peritoneum (Figs, 341, 348). 

Up to the 7th week of embryonic life the pancreas lies between the 
layers of the dorsal mesogastrium and the extension from these layers 
which forms the mesentery of the duodenal loop ; thus right and left 
surfaces are covered by peritoneum. The left surface, which becomes 
anterior, retains its covering, but during tbe 6th week the right aspect 
of the pancreas and duodenal loop become applied to the posterior 
aMominal wall in front of the aorta, crura of the diaphragm and left 
kidney (Fig. 348). The peritoneal covering on the right aspect gradually 
disappears, and thus in the adult the pancreas comes to appear as if it 
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embryo dunng the 5th week of development, when the dorsal mesentery 
is swollen with yoimg tissue and attached along the mid-dorsal line. 
The coeliac axis is the artery of the mesogastrium and of the structures 
that it contains ; it may be described as the artery of the fore-gut. The 
coronary artery passes direct to the cardiac end of the stomach ; the 
splenic is a short vessel ending on the cardiac dilatation of the stomach, 
and supplying the spleen ; the hepatic passes on the right side of the 
pancreas to the duodenum and pyloric end of the stomach, and ends in 
the liver by passing through the ventral mesentery. As the stomach 



Fig, 347, Schematic representation of the Dorsal Mesogastrium and its contents. 


migrates backwards during the "Sth and 7th weeks, the origin of the 
coeliac axis moves also. 

2. In the Adult . — The development of the great omentum and the 
rotation of the stomach to the left, lead to the pancreas being pressed 
against the left side of the posterior wall of the abdomen. That part of 
the dorsal mesogastrium which lies between the stomach and pancreas 
becomes elongated enormously, during the 3rd and 4th months, to form 
the great omentum, and hence the two anterior layers of the great 
omentum are attached to the great curvature of the stomach and to the 
gastrosplenic omentum (Figs. 347, 348). The two posterior layers of 
the omentum end on the lower (formerly ventral) border of the pancreas. 
The great omentum is well developed in all mammals, its origin being 
probably related to that of the diaphragrn. Its exact function is 
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lay beliind and outside the cavity of the peritoneum. The complete 
application and fixation of the pancreas and duodenum to the posterior 
abdominal wall only occur in animals adapted to the upright posture (see 
Figs. 335, 336, 348). The part of the dorsal mesogastrium between the 
pancreas and aorta (Fig. 348) is also applied to the posterior abdominal 
wall, and forms the posterior lining of the lesser sac. 

The Lesser Sac (Bursa Omentalis) is composed of two parts, a vesti- 
bular or hepatic part formed from the recessus mesentericus (Figs. 335, 
336); and an omental or gastric part formed by the evagination of the 
dorsal mesogastrium. These two parts communicate at an isthmus or 
constriction caused by the coronary and hepatic arteries (Fig. 348). 
The hepatic recess or pocket separates the Spigelian lobe of the liver from 
the right crus, and permits the liver to glide during the respiratory 
movements of the diaphragm (Figs. 334, 336). The gastric part isolates 
the stomach, allows it to contract, expand and move during digestion 
and respiration. In the anterior wall of the lesser sac are situated 
(Fig. 348) : (z) the gastro -hepatic omentum or ventral mesentery, which 
is at first vertical and median ; (u) the stomach ; (m) the gastro- 
splenic omentum, a part of the dorsal mesentery ; (w) the two anterior 
layers of the great omentum, also parts of the dorsal mesentery. In its 
posterior wall are situated : (t) the lieno-renal ligament (dorsal 

mesentery) ; (n) the dorsal mesentery of pancreas ; (m) two posterior 
layers of the great omentum [27]. 
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dorsal to the root of the mesentery of the small bowel. It will be observed 
that the duodenal loop has been rotated to the right ; irregularities of 
rotation occur [2]. The superior mesenteric artery thus comes to pass 
in front of (ventral to) the terminal part of the duodenum. The fixation 
of the duodenum is but one of a scries of most complicated plastic 
operations carried out in the human abdomen by cells of the peritoneum 
during the 3rd and 4th months of development. Such operations are so 
important that we must look at them more closely. 

Process of Peritoneal Fixation. — have seen that certain develop- 
mental processes, such as the obliteration of the embryonic clefts of the 
lip and of the palate, or the union of the medullary folds to enclose the 
neural tube, are akin to the processes that lead to the union of the lips 
of a wound made by a surgeon’s knife (p. 240). In the peritoneal cavity 
we are to see examples of another process with which surgeons are 
familiar — the formation of adhesions that follow inflammatory dis- 
turbances of the peritoneum [3]. The passages that lead from the peri- 
cardium to the pleura, from the pleura to the peritoneum and from the 
peritoneal cavity to the tunica vaginalis of the testes, are closed by the 
formation of developmental adhesions. The peritoneal adhesions with 
which surgeons arc familiar follow inflammation, but the developmental 
process— the process of sygosis— which leads to the adhesion of the 
mesentery of the duodenum and part of the mesogastrium to the dorsal 
wall of the abdomen in the latter part of the 2nd month of embryonic 
life, are not preceded by inflammatory changes, but axe the result of a 
groa'th process arising from an unknown stimulus. The process of 
zygosis is active not only in foetal life but is also to be seen at work 
at, and even after, birtb, particularly in tbc mesosigmoid. The applied 
peritoneal surfaces become adherent by the proliferation and union of 
lining cells of the opposed layers of peritoneum. The adhesions, as they 
form, contract and thus draw the various parts of the alimentary canal 
to their final position, much in the same ^yay as the testes come to be 
lodged in the scrotum. We are here dealing with growth manifestations 
utilized for a mechanical purpose. The secondary adhesion of the 
mesenteries of the abdominal viscera arc apparently related to posture ; 
the degree of adhesion is much more extensive in man than any oth^ 
animal, with the exception of the great anthropoid apes. Jlan and the 
anthropoids are distinguished from all other animal forms by the upright 
posture of their bodies. The peritoneal adhesions that occur from the 
middle of the 2nd month onwards must be regarded as adaptations to 
the upright posture. The suspensory ligament of the spleen, the right 
and left costo^colic ligaments, the peritoneal bands pasring from gall 
bladder to the colon or omentum are of the same nature, and are formed 
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ORGANS OF DIGESTION (continued) 


The Mid- and Hind-Gut 


The duodenum is made up from the terminal part of the fore-gut and 
the first part of the mid-gut. It serves as the pace-maker for the 
peristaltic movements of the whole of the small bowel and it is probably 
for this reason that muscle becomes differentiated earlier in the wall of 
the duodenum than in any other part of the small intestine, the circular 
coat appearing in the 7th w^eek (Frazer). The stage of differentiation 
and the area of fijcation of the duodenum in the 9th week of development 
are shown in Fig. 349. The derivatives of the mid-gut at this time still 



Fia. 349. The Fixation of tlie Duodenum in tlie 9th week just before tlie return of the 
Intestines from the Umbilical Sac. (After Prof. J. E. Frazer.) 


A, on mesoduodenum near remnant of vitelline vein ; B, indicates buried duodeno- 
jejunal junction. 


lie within the umbilical cord. The duodenum is being fixed in position 
by active operations carried out by the mesenchyme of the peritoneiun 
and mesenteries. Mesenchyme cells in the neighbourhood of the duo- 
denum are effecting the following attachments (Fig. 349) : {i) retro- 
duodenal adhesions which fix the duodenal loop to the dorsal wall of the 
abdomen ; {ii) adhesions between the first part of the duodenum and 
liver — often involving the gall bladder ; (m) most important of all — 
a “ retention band ” binds the termination of the duodenum and begin- 
ning of the jejunum (duodeno-jejunal angle) to the root of the primitive 
mesentery — ^near the point where the coeliac axis arises from the aorta [1 j. 
As will be seen in Fig. 349, the duodeno-jejunal angle lies behind or 
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(i) Tlie production of the mid-gut as a U-sfuiped loop, (ii) The 
formation vdthin the umbilical cord of a long neck to the yolk sac — the 
vitello-intestinal duct ; ^leckel’s diverticulum is formed by a persistence 
of the intra-abdommal part of the canal. Normally the duct becomes 
occluded, and shrivels up during the 6th week ; this is the case in all 
mammals, but in birds the yolk sac is large at the time of hatching, and 
part of it always persists as an intestinal diverticulum. (Hi) The yolk 
sac, by the constriction of the umbilical orifice and formation of the cord, 
comes to lie on the placenta, where a remnant of it maybe found at birth 
near the implantation of the cord {Fig. 350). 

Vessels of the Yolk Sac, — ^Although at first the yolk sac receives a series 
of branches from the aorta, by the time of its separation from the mid-gut 
the number has been reduced to one— the superior mesenteric, which 
becomes the artery of the U-shaped loop (Fig. 350). Its vein, however, 
the left vitelline, has no connection with the superior mesenteric vein, 
hut when the U-shaped loop is formed, continues its original course and 
ends in the portal vein at the lower border of the pylorus (Figs. 349, 353). 
^Vhen the vitello-intestinal duct atrophies in the 6th week, the same fate 
overtakes the vessels of the yolk sac, but they too may persist as cords. 

Umbilical Coelom and Intestinal Loop.— At first the coelom extends 
into the proximal segment of the umbilical cord and it is within this 
umbilical recess of the peritoneal cavity that the U-shaped loop — the 
raid-gut— undergoes its earlier developmental changes. The structural 
features of the loop are diown in Fig. 350 ; it is made up of a proximal 
or jejunal limb and of a distal or colic limb, for already in the 6th week, 
when the embryo is little more than 5 mm. in length, the caecal diverti- 
culum is apparent. In Fig. 351 a dissection of the intestinal loop is 
shown, from an embryo late in the 6th week of development. Already 
the process of rotation has commenced — the jejimal limb coming to lie 
to the tight and behind or dorsal to the coUc limb. The meaoduodenum 
is becoming adherent to the dorsal wall (Fig. 351), while, as Prof. Frazer 
has shown, certain “ traction bands ” are forming within the common 
mesentery and thus guiding and regulating the movement and fixation 
of the loop. The condition in the 9th week is shown in Fig. 352 ; within 
the umbilical coelom coils of small intestine have been produced from 
the jejunal and ileal parts of the loop ; also a jejunal coil within the 
abdomen from the proximal Umb. The duodeno-jejunal flexure is now 
closely bound to the dorsal wall by traction bands— part of which become 
muscular and form the Muscle of TreirafS]. Then, suddenly, in the 
loth week, when the foetus is about 42 mm. long, the loop is retracted 
Within the abdomen and the umbilical recess becomes closed. Some- 
times tbe sac of peritoneum in the cord is also drawn wthin the abdo- 
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by secondary adhesions of the peritoneum in the later months of foetal 
life [4]. 

The BEd-Gut. — The mid-gut extends from the Vaterian or biliary 
orifice in the duodenum almost to the splenic flexure of the transverse 
colon. Its artery is the superior mesenteric. To understand the strange 
manner in which the mid-gut is developed — as a loop within the base of 
the umbilical cord — ^it has to be remembered that part of the small bowel 
arises precociously to form a yolk sac for the nourishment of the embryo 
and that a corresponding part of the belly-wall has been modified to 
form the chorion and amnion (p. 35). The umbilical cord represents a 



Fig. 350. Schematic representation -of tlie Alimentarj' Canal, and of its Mesenteries and 
Arteries during the 6tJi week of development. 

modified part of the body-wall. It is not therefore against the natural 
order of things that the mid-gut, when it is formed, comes to lie as a loop 
within the coelom or . peritoneal cavity of the umbilical cord. ■ 

Yolk Sac and Meckel’s Diverticulum. — The yolk sac reaches its maxi- 
mum size in the later part of the 4th week, when its neck, filling the 
embryonic umbilicus, extends from the septum .transversuni in front to 
the allantois behind (Fig. 322). In the 5th week (Fig, 323) the mid-gut 
has become a V-shaped tube ; the yolk sac, now lying in the umbilical 
cord, which is just beginning to be differentiated, is joined to the apex 
of the mid-gut by a stalk or neck. The condition reached in the 6th. 
week is shown diagrammatically in Fig. 350. The following points are 
to be noted : - - 
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varies in length and shape ; Ha blind end is frequently bulbous and the 
site of secondary diverticula. Occasionally pancreatic masses are 
developed at its extremity. It is lined by a glandular epithelium similar 
to that of the ileum. Frequently a fold of the mesentery descends to it 
{Fig. 354). In the mesenteric fold there is usually to be found a vestige 
of the artery of the yolk sac (Fig. 350). The attached base of the 
mesenteric fold may atrophy, while the free margin forms a cord, under 
which a loop of bowel may become strangulated (Fig. 354), 

{ii) The vitello-intestinal duct may remain patent, and, when the cord 
is cut at birth, form a fistulous opening at the umbilicus, by which the 
contents 6f the ileum escape. A part may become grafted on the 
umbilicus, giving rise to the condition known as “ weeping navel ” 



F((i 3S3 Fibrous remnants of the Artery (a) and Ve)o(6)of the Volk Bacof & Kltteti 
Fio 334 Meckel's DUertlculum pro\ided with a Mesentery The arrow marks the site 
at Mhlch the aperture ma} be formed tu the mesenteric fold 

(Stiles). Or the mucous membrane thus grafted may assume the 
structure of the lining membrane of the stomach [9]. 

{lii) The artery of the yolk sac, representing the terminal part of the 
superior mesenteric, may persist as a fibrous band, which stretches from 
the mesentery at the situation of a jMcckcl’s diverticulum to the 
umbilicus Over such a cord the gut may become strangulated. The 
young of all carnivora are born with thread-like remains of both artery 
and vein, stretching between the mesentery and the umbilicus. A 
remnant of the vein may persist in the human subject ; the cord in such 
cases joins the mesentery below the head of the pancreas (sec Fig. 349). 
The \’itello-mtestinaI duct may also be reduced to form a cord, over which 
a loop of intestine may fall and thus become strangulated. 

(tv) The U-shaped loop, instead ofretreating within the abdomen early 

in the 3rd month, may remain within the umbilical recess. This gives 
rise to a congenit.al lunbilical hernia. Such herniae occur in all degrees ; 
they may contain merely a loop of bowel or almost the whole of the 
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men [6]. We must regard the wthdrawal as due to the action of 
“ contraction ” or “ retraction ” bands in the mesentery. During the 
weeks spent by the intestinal coils in the umbihcal recess, the lung buds 
are expanding and the pleural cavities and diaphragm are being formed, 
and the safeguarding of these processes may be the reason for an extra- 
abdominal development of the intestinal loop [7]. More particularly it 
has to be noted that in the 3rd month the abdominal cavity becomes 
enlarged by the elongation of the lumbo-sacral segment of the- spine 
(see p. 420). Further, the operation of rotation of the bowel, necessary 
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rio. 351. FlO. 352. 

Fig. 351. The Intestinal Loop, seen from tlie right side, in anEmhrj'o in the 6th week 
of development. (Prof. Frazer.) 

Fig. 352. The Intestinal Loop, within the Umbilical Coelom, of a Foetus in the 9th 
week, seen from the left side. (Prof. Bardeen.)' 


for its fixation, is facihtated by the bowel being shaped as a loop and by 
the loop being placed within a special recess of the peritoneum. 

Persistence of Certain Embryonic Structures. — Many of the structural 
features seen in the human embryo at the stage of development reached 
during the 5th and 6th weeks may persist [8]. 

(■i) The most common structure to remain is the intestinal end of the 
neck of the yolk sac — Mechel’s diverticulum. It occurs in 2% of sub- 
jects, and commonly forms a finger-like sac on the free border of the ileum 
from 2 to 4 feet above the ileo-caecal orifice Hence we know that this 
part of the ileum forms the apex of the U-shaped loop of intestine 
The point on the ileum at which the canal of the yolk sac was attached is 
frequently the seat of a narrowing, which may be more or less marked. 
At this site intussusception of the bowel may occur. The diverticulum 
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(L ewis and Thyng). As may be seen from Fig. 346, A, there is a gap in 
the muscular coat of the duodenum through which the bile and pan- 
creatic ducts enter. Diverticula of the mucous coat may occur through 
this gap ; such diverticula are not developmental in origin [11]. 

Congenital Occlusion o£ the Duodenum. — ^The part of the duodenum 
just above the opening of the bile and pancreatic ducts may be partially 
or completely closed in ncwly bom children (Fig. 355). After the liver 
and pancreatic buds grow out, this part of the duodenum becomes 
occluded by the proliferation of its lining epithelium — and the lumen 
remains blocked during the 5th and Oth weeks [14]. The epithelium 
instead of becoming absorbed may become organized, an occlusion 
being thus produced. Such cases arc not rare [15]. A proliferation of 



FlO 355. CongeoKal Occlusion of the Duodenum 


the lining epithelium, with arrest of expansion of the lumen, may occur 
at many points of both jejunvun and ileum [1C]. 

We have just seen (p. 406) that the duodcno-jejxmal junction becomes 
sharply bent behind the root of the mesentery and is there fixed to the 
posterior abdominal wall by a strand or band developed %vitbin the 
mesentery (Fig. 352). This band, which contains non-striated muscular 
fibres, ends in the right crus of the diaphragm. This suspensory' hand, 
usually known as the muscle of Treitz, renders the duodeno-jojunal 
junction the most fixed part of the intestinal tract [17], 

DERIVATIVES OF THE HIND-GUT 

At the beginning of the 2nd month the hind-gut is almost equal in 
length to the mid-gut, but its calibre is less. Indeed, it is not until the 
5th month that the hind-gut is marked off from the mid-gut by havini:^ 
a greater diameter. By the end of the 2nd month, as we have just 
seen, the anterior (jejunal) limb of the intestinal loop has grown very 
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movable contents of tbe abdomen. In all cases the -wall of the hernia is 
thin and transparent. 

Differentiation of the Coats of the Intestinal Wall.— In the 6th week 
the small intestine has a diameter of less than a millimetre and measures 
only 4 mm. in length [10]. It is lined by low cuboidal endoderm 
resting on a coat of mesenchyme. In the mesenchymal tissue the circular 
coat of muscle begins to bo differenti.ated in the 6th week, appearing 
first at the duodenal end, and spreads from there towards the ileo-caecal 
jimction. The outer or longitudinal coat appears a month later. By 
the end of the 2nd month the small intestine has become 36 mm. long ; 
in the full-time child its length is about 300 cm. ; from these measure- 
ments we learn how rapidly the small intestine ^ows in length and how 
quickly its cellular elements multiply. In the 3rd month villi begin to 
form, again in a proximo-distal direction. A little later the crypts or 
glands of Lieberkuehn are developed between the villi ; they keejJ on 
iiicreasiug in number until after birth. Bruenner’s glands appear in the 
duodenum in the 3rd month. 

Lymphoid follicles are recognizable in the mucous coat m the 4th 
month and Peyer’s patches in the 7th, but these are not apparent to the 
naked eye until a month after birth. Valvulae conniventes are formed 
iu the 8th month, thus increasing the area of absorption. They appear 
first in the distal part of the duodenum ; their development fades as the 
ileum is approached. 

Between the outer longitudinal and inner muscular coats there is a 
cellular zone in which new muscle fibres seem to arise. It is in this zone, 
too, that nerve cells are found, from which Auerbach’s plexus is 
developed. These cells are derived from the neural crest, for if the 
crest is removed from the embryonic cord, no nerve cells are found m 
the intestinal wall. The power^of differentiation is inherent in the 
embryonic intestine, for if a segment is excised from a foetal rabbit and 
grafted on the omentum of an adidt animal, its various coats will become 
differentiated [10]. 

Congenital Diverticula. — ^During the 3rd month numerous outgrowths 
of intestinal epithelium take place ; they perforate the muscular 
coats [11]. They are usually absorbed, but they may give rise to 
diverticula, a. common site being at the ileo-coHc angle. At this site 
the orifice of the diverticulum may become closed, a cyst being thus 
formed [12]. Congenital diverticula and cysts are distingmshed by 
possessing all the intestinal coats. Part of the bowel may become 
duplicated or divided longitudinally during development, one compart- 
ment assuming the appearance of a long diverticulum [13]. Often 
masses of pancreatic tissue are attached to congenital diverticula 
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intestines are drawn within the abdominal cavity they tend to press 
the descending meso-colon against the parietal peritoneum covering the 
left kidney (Fig. 357). The left layer of the meso-colon adheres by the 
process of zygosis to the prc-renal layer of the peritoneum, both layers 
subsequently being absorbed. Thus the descending meso-colon, 
originally situated in the middle line, comes to be attached in the left 
lumbar region by adhesions that form during the 5th, 6th and 7th months 

Intersigmoid Fossa. — The sigmoid flexure, which is made up of the 
pelvic colon and part of the iliac segment, after the rotation of the gut, 
forms a loop, with its convexity directed towards the liver. The sigmoid 
flexure or loop is not differentiated until late in the 4th month. Its 
late appearance in the human foetus is probably due to the fact of its 
recent evolution, for it is found only in the higher primates. In nearly 
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20% of human foetuses it is not differentiated, the primitive form being 
retained (Toenbury). On the other hand, in more than 10% of people 
there is an over development, there being a double loop. The position 
of the sigmoid loop is most variable ; in 20% of people it reaches the right 
iliac fossa [18). The meso-sigmoid is originally attached in the middle 
line, but the pressure of the developing loops of small bowel brings It 
against the posterior abdominal wall and left iliac fossa. The mesentery 
of the sigmoid may become completely adherent like the descending 
meso-colon, or only partially. IVhen the sigmoid is lifted up a recess 
or fossa may be apparent beneath the meso-sigmoid, to the outer side 
of the left common iliac artery, which is due to a failure of adhesion 
between the meso-sigmoid and parietal peritoneum. It occurs opposite 
the convexity of the sigmoid loop (Fig. 336), At birth the meso-sigmoid 
is relatively extensive ; the sigmoid loop lies ^vith its convexity towards 
the right side of the abdomen and well above the pelWs. Durin" 
adolescence the sigmoid grows more slowly than the rest of the colon”. 
It sinks within the pelvis, and forms the greater part of what has come 
to be named pelvic colon. 
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rapidly, and become thrown into a number of distinct loops. At birth 
the small intestine is six times the length of the large bowel. 

The rectum is formed out of the posterior end of the hind-gut.' The 
manner in which the rectum is separated from the cloaca, the anal canal 
formed and the permanent anus produced udll be described in connec- 
tion with the perineum and urogenital passages, for their history is 
closely associated wth the development of these structmes (see p. 534). 

The descending, iliac and pelvic segments of the colon are also formed 
out of the hind-gut. The artery of the hind-gut is the inferior mesenteric 
(Fig. 356). Hence it supplies the rectum, sigmoid and descending colon. 


spt. flex, colon 



Fig. 350. The Mesentery of the Hind-gut. The position assumed by the colon after the 
rotation of the gut has taken place. 


In the 6th week the hind-gut is suspended from the front of the aorta 
and spine by the dorsal mesentery of the hind-gut (Figs. 350, 351). 
This becomes transformed into the meso-rectum, meso-sigmoid and 
descending meso-colon. The angle between the hind-gut and U-shaped 
loop (Fig. 351) becomes merged into the terminal part of the transverse 
colon, the splenic angle being undifferentiated until the 4th month 
(Frazer). Early in the 3rd month, when the intestine takes up its 
permanent position within the abdomen, the U-shaped loop has become 
twisted round on the axis of the superior mesenteric artery (Fig. 356), 
so that the part of the hind-gut which will form the splenic flexure is 
turned forwards and to the left, assuming ultimately the position shown 
in Fig. 365. It carries its artery, the left colic, with it. "When the small 
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undergoes a great reduction in size and grow-th ^7hcn the period of 
adolescence is past. Thus there are five structures to be observed in 
the ileo-colic region of a typical mammal (Fig. 358) : (t) an ilco-colic 
sphincter ; (u) a caeco-colic sphincter ; (in') a caecal segment of the colon ; 
(tu) a caecum, the distal part of \vhich may be specialized to form 
(v) an appendix. Further, a study of the comparative anatomy of this 
region shows that the caecum is largest in vegetable-feeding animals, 
and that there is a correlationship between the development of the 
stomach and caecum. In the horse, for instance, the caecum and caeca! 
colon are complicated, the stomach simple ; in the ruminants the stomach 
is complex, the caecum comparatively simple. In animals which live 
on a flesh diet the caecum is small. 

The development of the ileo-caccal sphincter in the bowel of the human 
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Fia. 359. Section througb the Ileo-caecal JuocUoti or & Foetus 32 mm. in teneth. 

(Prof. J Beattie) 

embryo has been studied by Prof. John Beattie [21]. In Fig. 359 is 
represented a section of the ileo-caccal junction of a foetus which has 
just entered the 3rd month of development. The circular muscular 
coat is becoming diScrentiated ; at the junction of ileum and great 
bowel, the muscular coat is seen to be growing inwards to form a special 
rmg or sphincter. 

Development ol the Colon and Caecum.— Early in the 6th week of 
development an elevation appears on the free border of the posterior 
limb of the U-shaped loop (Figs. 350, 351). The elevation contains a 
diverticulum of the caecal colon, which becomes diflerentiated to form 
the caecum and appendix. The caecal diverticulum continues to grow 
outwards and forwards in dose contact with the free border of the ileum, 
but^by the end of the 2nd month the caecal diverticulum is clearly 
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Morphology of the Heo-colic Part of the Bowel.— In all vertebrates, 
from fishes upwards, the junction of the small with the great intestine 
is demarcated by the ileo-colic sphincter, developed from the circular coat 
of the bowel [19], As a rare abnormality the caecum may be absent in 
man, the only external indication of the ileo-coHc junction being the 
presence of the ileo-colic sphincter. This is the normal condition in the 
frog, and in several mammals such as the racoon. The sphincter marks 
the junction of two different functional segments of the alimentary tract. 
Villi, which are originally developed in the great bowel, disappear in the 
later months of foetal life. The proximal part of the colon from which 
the caecum is developed forms the caccal colon (Fig. 358) ; it is frequently 



I'lQ. 358. Diagram to show tlic parts of a tjTpical Mammalian Caecum. Five parts are 
shown in tlic figure : (1) tlic termination of the ileum; (2) the caecal colon in 
wliich tlic ileum ends ; (3) the caecum wluch opens from the caecal colon ; (4) the 
apex of the caecum ; (5) the commencement of the ascending colon. At ttoee 
points the circular muscular fibres arc thickened to form sphincters : (a) ileo- 
colic junction ; (6) at the junction of caeemn and caccal colon (in man a and i are 
combined in the ileo-caccal orifice and its retinacula) ; (c) in the first part of the 
ascending colon. 

demarcated from the ascending colon by a thickening of the- circular 
muscular coat — ^the caeco-colic sphincter (Fig. 358, c) — which can com- 
monly be recognized in the bowel of man [20]. The caecum is developed 
as a diverticulum of the caecal colon. In all vertebrates its submucous 
coat is rich in lymphocytes, which in mammals collect ‘in the form of 
solitary follicles more or less closely crowded together. B. J. Berry 
found that in- the primates there is a tendency for the lymphoid tissue 
to be aggregated in the apex of the caecum. In man, in anthropoids, 
and a few other forms, the lymphoid tissue becomes richly developed in 
the distal part qf\the caecum, which has a narrow lumen, strong muscular 
coat, and is of great functional activity during digestion. This highly 
specialized part of the caecum is the appendix ; it is well developed m 
man, and is certainly not a vestigial structure. The lymphoid tissue 
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1. The mesentery of the anterior limh, in front of the superior 
mesenteric artery : forms the pre-arterial part. This gives rise to the 
greater part of the mesentery of the small howcl. 

2. The mesentery of the posterior limb, behind the artery : is the post- 
arierial part. It forms the mesentery of the ascending and transverse 
colon* and also the lower part of the mesentery of the small bowel. 

The rotation of the intestinal loop and the return of the coils to the 
abdomen take place before the middle of the 3rd month. The con- 
dition of parts, later in that month, is shown in Fig. 361. The great 
bowel, from caecum to colic angle, crosses the abdomen obliquely from 


fi^Supretrenst! 



a, caecum; 6, transverse colon , e. splenic ao^c ; ileum; e, duodeno-J«l» 
junction; /, mesentery; 9 , meso-coloa; A. descending colon ; t, rectum' 


the right iliac crest to the left hypochondrium, where the colic onf»le is 
passing towards the spleen. The transverse meso-colon, containing the 
middle colic artery, is being brought into apposition with that part of the 
mesogastrium which forms the peat omentum (Figs. 3G1, 364). These 
two layers adhere ; thus the transverse meso-colon is formed by the 
fusion of a part of the dorsal mesogastrium with the mesentery of the 
posterior limb of the U-shaped loop (Fig. 336). The rotation has nlaced 

^ .u iiuuL oi Lue rigat Kianey and inferior vena cava. The caecum 
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^lemarcated. At first tlie colic part of tlic intestinal loop and the caecal 
process are not of larger calibre than the small intestine, and this con- 
tinues imtil the 5th month, when the colon and caecum undergo an 
enlargement, but the terminal or apical part of the caecum retains its 
foetal dimensions, and forms the apjrendix. As in the small bowel, the 
circular coat appears long before the longitudinal ; butwhereas the muscle 
appears first at the proximal end of the small bowel and spreads distallyj 
the muscle of the colon appears first (at the end of the 2nd month) at 
the rectal end — wliere the sacral visceral nerves enter — and spreads 
towards the ileo-caecal junction. The longitudinal coat appears in the 
3rd month along the mesenteric border — representing the mesenteric 



taenia ; the remaining two are developed in the 4th month. T ® 
muscular fibres of the circular coat are arranged as a continuous spira 
(Eben Carey) [22]. The evaginations or haustra are distinct in the 7t 
month of foetal life [23]. Villous processes appear on the mucous 
membrane in the 4th month and disappear in the 6th. Lymphoz 
follicles are formed in the mid-colon in the 4th month and, a little later, 
in the caecum and appendix. The muscular coats of the appendix are 
developed in the 2nd month [24]. . 

As the superior mesenteric (vitelline) artery descends in the intestina 
loop, it gives ofi three branches to the posterior fimb — ^the middle colic, 
right colic and ileo-colic arteries (Fig. 356). The mesentery of t e 
U-shaped loop may be divided into two parts, the fate of the two par s 

being different : 
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1 The mesentery of the antenor limb, in front of the superior 
mesenteric artery: forms the pTC-arterial part. This gives rise to the 
greater part of the mesentery of the small bowel. 

2. Themesenteryoftheposterior limb, behind the artery: isthepost- 

arterial part. It forms the mesentery of the ascending and transverse 
colon,* and also the lower part of the mesentery of the small bowel. 

The rotation of the intestmal loop and the return of the coils to the 
abdomen take place before the middle of the 3rd month. The con- 
dition of parts, later in that month, is shown in Fig. 361. The great 
bowel, from caecum to colic angle, crosses the abdomen obliquely from 
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a, caecum; b, transYerae colon; t, aplenlc angle; d, ileum: t, duodeoo.Jejunal 
Junction; /, ineaentery; g, meso-colon. A, descending colon ; I, rectum 

the right iliac crest to the left hypochondrium, where the colic angle is 
passing towards the spleen. The transverse meso-colon, containing the 
middle colic artery, is being brought into apposition with that part of the 
mesogastrium which forms the great omentum (Figs. 301, 364), These 
two layers adhere ; thus the transverse meso-colon is formed by the 
fusion of a part of the dorsal mesogastrium with the mesentery of the 
posterior limb of the U-shaped loop (Fig. 330). The rotation has placed 
the mesentery of the caecum and ascending colon against the duodenum, 
and at the same time the duodenal loop has become fixed iu its permanent 
position in front of the right kidney and inferior vena cava. The caecum 
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thus comes to be situated in the majority of foetuses over the right iliac 
crest and in front of the lower part of the right kidney, near the gall 
bladder, and there it remains until about the time of birth, when the 
ascending colon elongates and the caecum thus moves towards the right 
iliac fossa. In the enlargement of the abdominal space, both before 
and after birth, the elongation and extension of the lumbar spine must 
also be taken into consideration. Alter birth the gall bladder and 
lower border of the liver ascend, and thus room is made for the ascending 
colon in the right lumbar region. The hepatic flexure therefore comes 
into being as the liver recedes [25]. An iliac position of the caecum is a 
feature which occurs only in animals adapted to the upright postme. 
Thus the attachment of the ascending meso-colon is effected by secondary 
adhesions which are formed as the caecum and ascending colon take 
up their new positions in the right lumbar region. The appendix, 
during the migration, may be caught behind the colon, thus assuming 
a retro-colic position ; it is then lodged and fixed in the ascending 
meso-colon [26]. The peritoneal adhesions, which are formed in the 
4th and 5th months of foetal life, between the transverse meso-colon and 
great omentum, and especially the adhesions which the ascending colon 
forms just before and after birth, as the caecum assumes its final position 
in the iliac fossa, are subject to a great range of variations, and many 
peritoneal folds and recesses may be formed [27]. The object of all of 
them is to give a fixation of the viscera to the abdominal wall — a fixation 
which occurs only in orthograde primates. 

The Appendix. — ^At first, and ,imtil the 5th month, the caecal diverti- 
culum is of the same calibre throughout, but from that month onwards, 
the appendix remains small while the caecum grows, keeping pace m 
diameter with the colon. At birth the appendix is still the tapered 
apex of the caecal diverticulum (Fig. 360), but during childhood an 
outer or an inner sacculation, or both together, arise in the fundus of 
the caecum and thrust the appendix backwards and to the left into an 
as 3 anmetrical position [28], Villi are formed in the mucous coat in the 
early part of the 4th month ; Lieberkiihn’s glands appear a little later. 
Lymphoid follicles make their appearance in the 5th month. The villi 
disappear in the 8th month. 

Although a distinctly marked appendix is only seen in man, the anthro- 
poids, lemur, opossum and certain rodents, still a corresponding lymphoid 
structure is present generally in mammals. The appendix is a lymphoid 
diverticulum of the caecal apex (E. J. Berry). It must be regarded as a 
lymphoid structure, and although it can be dispensed with, is not there- 
fore to be regarded as vestigial in nature any more, than is the tonsil. 
In 30% of adults both muscular and mucous coats have undergone a 



421 


ORGANS OF DIGESTION 
partial degeneration under modem conditions of diet, and the appendix 
does tend to become a useless structure. 



Fio 3S2 The AppcndLi and I>ntoneal Foliti at the end of tlie 2nd month of Foetal 
Life. The intestinal loop is aicned on Its left aspect, which becomes applied to 
the dorsal n all of the abdomen 

Ilco*caecal Valves. — At the ilco-colic jimetion, the full development of 
vilh ends. In the higher primates the junction is invagmated within 
the caecum, the invagination becoming apparent in the human foetus 


lUO'O^CAL OniFICE 



of the 3rd month. The ileo-caocal orifice has rounded, continuous lips 
(Fig. 3G3). M’c have alrcadj' seen tow the sphincter of the orifice Is 
developed (p. 417). From the posterior fornix there is developed one 
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retinaculum or fold — the posterior ileo-colic ; while from the rounded 
anterior fornix usually two retinacula arise — the upper being the ileo- 
coliCj the lower the ileo-caecal. These are developed in the later months 
of foetal life [29]. hluscular bands develop in the retinacula from the 
circular musculature of the caecum and represent the mrd-caeco/ sphincter 
of the typical caecum (Fig. 358). The retinacular musculature assists 
in the emptying and filling of the caecum. To a very slight extent the 
ileo-colic lips can serve as mechanical valves in the living subject ; they 
assume a valvular form only when dead and dried. 

Ileo-caecal Fossae. — When the caecal diverticulum grows out from the 
hinder limb of the U-shaped loop it carries vdth it three folds (see Fig. 
364) : 

1. The ileo-colic fold, a process from the right side of the mesentery 



appendix 

¥IG. 304. Peritoneal Fossae in the Ileo-caecal Kegion. 


containing the anterior caecal artery ; in a small proportion of cases this 
fold forms the mesentery of the appendix [30] ; 

2. The bloodless or ileo-caecal fold, a process from the wall of the 
ileum ; 

3. The mesentery of the appendix, a process from the left side of 
the mesentery, containing the artery to the appendix (Fig. 362). 

These three folds give rise to three fossae (Fig. 364) ; 

1. The ileo-colic, between the termination of ileum and ileo-cohc fold ; 

2. The ileo-caecal, between the bloodless fold and mesentery of the 
appendix ; 

3. The retro-caecal, between the mesentery of the appendix and 
commencement of the ascending meso-colon. 

The caecum and appendix- are made up of bilateral halves ; there are 
right (anterior caecal fold) and left (mesentery of appendix) mesenteries. 
In birds the appendix is divided ; it is occasionally double in malformed 
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human infants [31]. There is no reason to suppose, however, that the 
appendix \s’as ever a double structure in the stem from which man has 
descended. 

The duodeno-jejunaJ fossa is formed to the left of the duodeno- 
jejunal flexure after the transverse colon and caecum have become trans- 
posed to the right hypochondrium and when the transverse meso-colon 
has fused wth the omental layers of the lesser sac (Fig. 365). The fossa 
IS occupied by the bend of the duodenal-jejunal junction and serves as a 
bursa for this knuckle of gut. The origin of the fossa is connected with 
the origin of the traction bands developed at this junction (see p. 409) ; 
the inferior mesenteric vein passes in or near the left border of the fossa. 


post-art pt tncrxi ' 
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The fossa l ies i n the axis, at which the mesenteric rotation takes place 
(Fig. 365), and when the plastic nature of the peritoneal tissue is 
remembered, it is easy to realize how thh and other recesses may be 
formed near the termination of the duodenum. 

The mesentery' of the small gut is formed out of the primitive mesentery 
of the U-shaped intestinal loop, cliicfly from that part of it (the pre- 
arterial) which lies between the superior mesenteric artery and the 
anterior limb of the loop (Fig. 356). After the rotation, the aspect of 
the mesentery which was directed towards the right becomes left and 
anterior (compare Figs. 350, 365), During the rotatory transposition 
of the gut the superior mesenteric artery comes to lie in front of the 3rd 
stage of the duodenum. At first the mesentery of the small intestine 
is attached in front of the spine near the origin of the superior mesenteric 
artery (see Figs. 335, 33G). Its oblique attachment to the posterior 
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retinaculum or fold — the jiosterior ileo-colic ; while from the rounded 
anterior fornix usually two retinacula arise — the upper being the ileo- 
colic, the lower the ileo-caecal. Tiiese are developed in the later months 
of foetal life [29]. Muscular bands develop in the retinacula from the 
circular musculature of the caecum and represent the mid-caecal sphincter 
of the typical caecum (Fig. 358). The retinacular musculatine assists 
in the emptying and filling of the caecum. To a very slight extent the 
ileo-colic lips can serve as mechanical valves in the living subject ; they 
assume a valvular form only when dead and dried. 

Heo-caecal Fossae. — When the caecal diverticulum grows out from the 
hinder limb of the U-shaped loop it carries with it three folds (see Fig. 
364) : 

1. The ileo-colic fold, a process from the right side of the mesentery 
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containing the anterior caecal artery ; in a small proportion of cases this 
fold forms the mesentery of the appendix [30] ; 

2. Tlie bloodless or ileo-caecal fold, a process from the wall of the 
ileum ; 

3. The mesentery of the appendix, a process from the left side of 
the mesentery, containing the artery to the appendix (Fig. 362). 

These three folds give rise to three fossae (Fig. 364) : 

1. The ileo-colic, between the termination of ileum and ileo-colic fold ; 

2. The ileo-caecal, between the bloodless fold and mesentery of the 
appendix ; 

3. The retro-caecal, between the mesentery of the appendix and 
commencement of the ascending meso-colon. 

The caecum and appendix are made up of bilateral halves ; there are 
right (anterior caecal fold) and left (mesentery of appendix) mesenteries- 
In birds the appendix is divided ; it is occasionally double in malformed 
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abdominal ■wall, from the duodenum to the right iliac fossa, is 
effected by secondary adhesions which are formed after the rotation 
of the gut and during the 4th and 5th months, and this extensive 
attachment is found only in animals adapted to the upright posture. 
The last part of the mesentery to become adherent to the posterior wall 
of the abdomen is the angular area between the ileum and ascending 
colon. Not urdxequently this part remains free, and it is then possible 
for a volvulus to form by a rotation of the ilco-colic loop. 

By the rotation of the U-shaped loop, the small intestine becomes 
confined in a bursa or peritoneal compartment formed by the mesentery 
of the large bowel (Fig. 365). ' 

Abnormal Fixation o£ the Mesentery. — ^The rotation of the bowel is 
subject to three forms of disturbance, giving rise to three varieties in the 
fixation of the mesentery, which are of importance to medical men [32] : 
{i) The bowel may imdergo its normal rotation, but the process of 
adhesion may fail ; the bowel is thus suspended by a free fan-shaped 
mesentery. During life it may become twisted roimd its stalk, formed 
by the superior mesenteric artery, and thus give rise to obstruction of 
the bowel (complete volvulus), (ii) It may not undergo a rotation; 
the caecum then lies on the left side of the abdomen, and the colon — 
ascending and descending — are situated behind and to the left of the 
small bowel, (in) The rotation may occur in a direction opposite to 
the normal — ^the duodenum and mesentery coming to lie in front of the 
transverse colon in place of being situated behind it. Several cases of 
this nature have been recorded of late by surgeons and anatomists. 

Meconium. — At birth, the great intestine and the lower part of the 
ileum are distended by meconium, a black, semi-fluid substance secreted 
by the liver and mucous membrane of the bowel. Prof. Low found that 
the meconium reaches the ileo-colic jimction in the 4th month, the 
rectum in the 5th. The meconimn passes quickly along the jejunum. 
By the 3rd or 4th day after birth all the meconium has been passed, a 
fact which may be utilized to prove that a child had hved for a certain 
time after birth. There is e'vidence that the foetus swallows and absorbs 
the amniotic fluid iu which it is immersed [33]. In this way peristaltic 
actmty on the part of the intestine is stimulated. Peristalsis begins 
late in the 3rd month of development. 
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CHAPTER XXII 

CIRCULATORY SYSTEM 


Early Stages in the Evolution ol the Heart. — In the lan’al form of the 
/amprey, Ammococtes, is represented the most primitive form of heart in 
vertebrate animals. Even in this early type the heart consists of four 
chambers (Fig. 3GG) : (i) Sinus venosus, receiWng the portal blood from 
the liver ; (n) auricle ; (tn) ventricle ; (tt>) biilbus cordis, from which 
the primitive ventral aorta passes out to distribute the blood in the 
branchial chamber. The primitive heart is thus a respiratory pump that 
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no 368 Thi" mart of AmmocoetM wen In a Median SecUon. (After VJalleton) 

forces the portal blood through a branchial system. It is clear, then, that 
the early evolutionary stages of the heart must be sought for amongst 
invertebrate fomis, but these stages are as yet unkno^sm. AMien the 
heart appears in the human embryo, towards the end of the 3rd wee k, it 
is double — consisting of right and left plexiform blood spaces. 'We 
therefore suppose that originally there were right and left hearts, which 
arose as modifications of the vessels which convey the blood from the 
alimentary to the respiratory systems. In Fig. 3G7 the left side of such 
n primitive circulation is represented. The left heart forces the blood 
along a primitive dorsal aort-a to the capillary system of the archenteron. 
An afferent (primitive portal) vessel conveys the blood back to the heart. 
When the head and tail folds are produced in the embryonic plate at the 
beginning of the 4th week (see Fig. 3C7), the right and left cardiac tubes 
are thrust under the forc-gut, where they speedily become fused into a 
median heart [1 ]. In its origin the heart is thus made up of symmetrical 



426 HUMAN EMBRYOLOGY AND MORPHOLOGY 

[23] Carey, E. J., Anal. Rcc., 1920, 18, 224 ; Tliaysen, T., Anal, Hefle, 1916, 
54, 321. 

[24] Horowitz, E., Zcilscli. Anal. Enhoick., 1933, 101, G79 ; Patzelt, V., reference 
in note [1], Chapter XX. 

[25] Tho descent of the caecum and appendix has been discussed and denied by 
Prof. Frazer {Manual of Human Embryology, 1940) and by Dr. R. H. Hunter 
{Jour. Anal., 1928, 62, 297). ]\Iy owui observations have led me to an opposite 
conclusion. 

[26] For an account of the variations in the position of the appendix, see Wakelej^ 
C. P. G., Jour. Anal., 1933, 67, 277 ; Collins, D. C., Ann. Surg., 1932, 96, 1044. 

[27] Reid, D. G., see under note [4]. 

[28] Parsons, F. G., Jour. Anal., 1908, 42, 30 ; Lorin-Epstein, see note [20]. 

[29] See references to Lorin-Epstein in note [20], and to Rutherford in note [19]. 

[30] Smith, G. M., Anal. Rcc., 1911, 5, 549 ; Forster, A., Anal. Hefle, 1918, 
56, 5. 

[31] Wood-Jones, F., Jour. Anal., 1912, 46, 193; Cave, A. J. E., ibid., 1936, 
70, 283,; Greig, D. SI., Edin. Med. Jour., 1934, 41, 277 ; Clavel and Colson, Ann. 
d'Anal., Path., 1934, 11, 157. 

[32] Dott, N. M., Bril. Jour. Surg., 1923, 11, 251 ; Aasar, Y. H., Jour. Anal., 
1938, 72, 579 ; Papez, J. W., Anal. Rcc., 1932, 54, 179. 

[33] Year Book of Ihe Carnegie Inslilulion, Washington ,1943, 42, 111. 



CIRCULATORY SYSTEM 429 

Ammocoetcs— but with the origin of a pulmonary system a scries of 
most remarkable changes occur. The pulmonary system in the human 
embryo takes on its definite form during the 2nd month ; at the same 
time the heart is undergoing a series of changes, which converts it into a 
double pump, one for the lungs, another for the body. We know that 
these evolutionary changes occurred slowly, for even in amphibia the 
heart has only reached that point in evolution where a single ventricle 
has to serve both the respiratory and systemic circulations. The evolu- 
tion of a pulmonary system also led to a series of changes in the arrange- 
ments of veins. Amongst the most remarkable of these is the formation 
of a new passage hy which the blood of the abdomen can pass direct to 
the heart — the inferior vena cava. In the human embryo of the 5th week 
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the heart and great veins are arranged as in a fish ; in the 7th week they 
take on the definite mammalian form. 

Fixation of the Heart. — At,thc_bcgmning of the .4th week (Fig. 327) the 
heart lies free within the pericardium, with its two extremities fixed to 
the wall of that cavity (Figs. 388, 392). Us anterior or arteriaUxtremity-''" 
perforates the dorsal wall of the pericardium to give off the aortic arches 
in the floor of the pharynx (Fig. 293). The venous or posterior end is 
- fixed to the septum transversura, the embryonic partition, which is 
formed between the pericardial and peritoneal ca\’ities (Fig. 327). The 
fate of the aortic arches, which convey the blood from the ventral to the 
dorsal aorta, has been already traced (p. 357). We now propose, before 
surveying the complicated changes that ensue in the heart itself, to 
trace the evolution of those great venous channels which convey the 
blood to the heart — the venae cavac. 

The superior trna cotu arises from the following foetal vijssols (Fins. 
308, 369): 
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halves derived from the corresponding sides of tlie body — ^halves wHch 
come into apposition and unite to form a single heart, a remarkable 
example of developmental surger}’-. The parts that form the ventricles 
are already pulsating as union takes place. When formed, the heart is 
suspended within the anterior part of the coelomic space — which becomes 
the cavity of the pericardium. In Ammocoetes the pericardial and peri- 
toneal cavities are continuous (Fig. 3G6). 

• Angiohlastic Tissue. — That the cardiac tube has arisen by the modifica- 
tion of a blood-vessel is apparent by the way it commences to form in the 
human embryo. Late in the 3rd week certain cells become grouped 
under the fore-gut to form the lining membrane of the heart. At the 
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Fig. 307. Diagram showing the llelationsliip of tlie Heart to tlie Archenteron of ^h 
Developing Ovum. The outgrowth of the head fold is indicated cairj’ing a proc» 
(fore-gut) of the archenteron and also the aorta and heart. The outgromh oi n 
tail fold and hind-gut ifralso shown. (.A^fter Prof. -A. Kobinson.) 


same date similar cells in the chorionic villi, in the waU of the yolk sac 
and along the tracks of the future aortae, are grouping themselves m an 
identical marmer to form the lumina of blood channels. The meso 
dermal cells that have this vessel-forming power pervade the whoe 
embryonic mass and are known as angioblasts. One group of angio 
blasts mutes with neighboming , groups, thus for m ing a networ . 
Fmther, angioblasts not only form the linin g cefls and lumina of blood- 
vessels but also produce the blood cells and plasma that fill them. -A- 
“ blood island ” is a group of angioblasts smrormding a brood of nucleated 
red corpuscles. When neighboming islands mute the essential part of 
the circulatory system has come into existence. The lining of the heart 
arises in the same maimer as a simple capillary. 

Later Stages in the Evolution of the Heart. — So long as the heart is 
merely a pump for the gills, it retains the simple structme seen m 
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Ammocoetes— but witli the origin of a pulmonary system a series of 
most remarkable changes occur. The pulmonary system in the human 
embryo takes on its definite form during the 2nd month ; at the same 
time the heart is imdcrgoing a series of changes, which converts it into a 
double pump, one for the lungs, another for the body. We know that 
these evolutionary changes occurred slow’Iy, for even in amphibia the 
heart has only reached that point in evolution where a single ventricle 
has to servo both the respiratory and systemic circulations. The evolu- 
tion of a pulmonary system also led to a series of changes in the arrange- 
ments of veins. Amongst the most remarkable of these is the formation 
of a new passage by which the blood of the abdomen can pass direct to 
the heart — the inferior vena cava. In the human embryo of the 6th week 
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the heart and great veins are arranged as in a fish ; in the 7th week they 
take on the definite mammalian form. 

Fixation of the Heart. — AM;he_bcgmning of.thc 4th.week (Fig. 327) the 
heart lies free within the pericardium, tvith its two extremities fixed to 
the wall of that cavity (Figs. 388, 392). Jjts anterior or arterial extremity*^ 
perforates the dorsal wall of the pericardium to give off the aortic^chea 
in the floor of the pharynx (Fig. 293). The venous or posterior end is 
- fixed_to t he septum tr^versum, the embryonic partition, which is 
formed between the pericardial and peritoneal cavities (Fig. 327). The 
fate of the aortic arches, which convey the blood from the ventral to the 
dorsal aorta, has been already traced (p. 357). We now propose, before 
surveying the complicated changes that ensue in the heart itself, to 
trace the evolution of those great venous channels which convey the 
blood to the heart — the venae cavae. 

The superior vena cava arises from the following foetal ^'csscls fFi<»s. 
3fi6,3Gg}: ' ° 
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halves derived from the corresponding sides of tlie body — ^halves which 
come into apposition and unite to form a single heart, a remarkable 
example of developmental surger}’’. The parts that form the ventricles 
are already pulsating as union takes place. MTien formed, the heart is 
suspended within the anterior part of the coelomic space — which becomes 
the cavity of the pericardium. In Ammocoetes the pericardial and peri- 
toneal cavities are continuous (Fig. 36G). 

' Angioblastic Tissue. — That the cardiac tube has arisen by the modifica- 
tion of a blood-vessel is ajrparent by the way it commences to form in the 
human embryo. Late in the 3rd week certain cells become grouped 
under the fore-gut to form the lining membrane of the heart. At the 
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Fig. 307. Diagram showing tlie llelationsliip of tiie Heart to the Archenteron of the 
Developing Ovum. I'tie outgrowtli of tlie head fold is indicated carrj’ing a process 
(fore-gut) of the archenteron and also the aorta and heart. The outgrowth of the 
tail fold and hind-gut i^also shown. (After Prof. A. Itobinson.) 


same date similar cells in the chorionic vilH, in the wall of the yolk sac 
and along the tracks of the future aortae, are grouping themselves m an 
identical manner to form the Imnina of blood channels. The meso- 
dermal cells that have this vessel-forming power pervade the whole 
embryonic mass and are known as an giob lasts. One group of angio- 
blasts unites with neighbouring groups, thus forming a network. 
Further, angioblasts not only form the lining cefis and lumina of blood- 
vessels but also produce the blood cells and plasma that fill them. A 
“ blood island ” is a group of angioblasts surrounding a brood of nucleated 
red corpuscles. When neighbouring islands rmite the essential part of 
the circulatory system has come into existence. The lining of the heart 
arises in the same manner as a simple capillary. 

Later Stages in the Evolution of the Heart. — So long as the heart is 
merely a pump for the gills, it retains the simple structme seen in 
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cavities. Thus the exit from the pericardial cavity to the pleural passage 
is surrounded on each side by a great venous channel the duct of Cuvier , 
hence the exit is sometimes named the iter venosum or pericardio-pleural 
passage. Ultimately, by the end of the 6th week, the anterior part of 
the coelom, bounded posteriorly by the ducts of Cuvier and septum 
transversum, is cut ofi from the rest y the part so cut otf forms the 
pericardium. In the 4th week the dorsal margin of the septum trans- 
veraxun is situated opposite to the Sud cervical segment ; by the end of 
the 6th week, the embryo being then about 10 mm. long, it has shifted . 
backwards so as to lie on a level with the 3rd thoracic segment, in this 
way bringing the duct of Cuvier into au oblique position (Fig. 388). 
Thus'the ducts of Cuvier are instrumental in separating the pericardial 
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from the pleural cavity. If the primitive pleuropericardial communica- 
tion (iter venosum of Lockwood) persists between them, it occurs as a 
foramen in the pericardium behind the part of the superior vena cava 
derived from the duct of Cuvier [2]. On the left side the duct of Cuvier 
atrophies, and the iter venosum, if it persists, is then represented by an 
aperture in the pericardium in front of the root of the left lung (Fig. 371). 
The ducts of Cuvier, and the folds of the somatopleure in which they lie, 
are eventually separated from the body-wall and buried deep in the 
thorax by the dev’elopment of the limgs and pleurae. 

Vestigial FoW and Oblique Vein ol Marshall.— In the human embryo 
during the 4th week and for two weelm afterwards there is a right and 
left duct of Cuvier and corresponding cardinal veins (Fig. 374). A left 
superior vena cava is present and may persist (Fig. 372). The vestigial 
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(a) Tile part above the entrance of the vena azygos is the terminal part 
of the right anterior cardinal (primitive jugular) vein ; 

(b) The part below the entrance of the vena azygos major represents 
the right duct of Cuvier. The arrangement of these venous trunks, the 
anterior and posterior cardinal veins and ducts of Cuvier, in a human 
embryo of the 4th week, is shown in Figs, 369, 370. The condition 
shown in these figures is retained permanently in fishes. 

The right and left anterior cardinal veins, which drain the anterior 
part of the body, with the right and left posterior cardinals from the 
hinder part of the body, receive tributaries (inter-segmental veins) from 
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Fig. 370. Diagram to show the manner in which the Ducts of Cuvier encircle the Coelom 
at tlie junction of the Pericardial and Peritoneal Passages at the 4th week. 
(After His.) 


between each pair of segments. In Fig. 370 the anterior and posterior 
cardinal veins on each side are shown uniting to form the duct of Cuvier 
(common cardinal vein), which conveys the blood to the sinus venosus — 
a contractile chamber opening into the primitive auricle. The sinus 
venosus remains as a separate chamber of the heart in lower vertebrates, 
but in the course of mammalian development it becomes partly merged 
in the right auricle of the heart. 

It is important to notice how the ducts of Cuvier reach the sinus 
venosus (see Figs. 328, 370, 388). They pass from the dorsal to the 
ventral surface of the body in the somatopleure or body-wall, and enter 
the septum transversum to reach the sinus venosus, thus encircling the 
coelomic passages passing from the pericardial to the pleuro-peritoneal 
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cavities. Thus the exit from the pericardial cav^itj to the pleural passage 
is surrounded on each side by a great venous ohanuel—the duct of Curier ; 
hence the exit is sometimes named the irer vcnosum or pericardio-pleural 
passage. Ultimately, by the end of the 6th week, the anterior part of 
the coelom, bounded posteriorly by the ducts of Cuvier and septum 
transversum, is cut off from the rest ; the part so cut off forms the 
pericardium. In the 4th week the dorsal margin of the septum trans- 
versum is situated opposite to the 2nd cervical segment ; by the end of 
the 6th week, the embryo being then about 10 mm. long, it bas shifted . 
backwards so as to lie on a level with the 3rd thoracic segment, in this 
way bringing the duct of Cuvier into an oblique position (Fig. 388). 
Tbus'the ducts of Cuvier are instrumental in separating the pericardial 
v" 
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from the pleural cavity. If the primitive pleuropericardial communica- 
tion (iter venosum of Lockwood) persists between them, it occurs as a 
foramen in the pericardium behind the part of the superior vena cava 
derived from the duct of Cuvier [2J. On the left side the duct of Cuvier 
atrophies, and the iter venosum, if it persists, is then represented by an 
aperture in the pericardium in front of the root of the left lung (Fig. 371). 
The ducts of Curier, and the folds of the somatopleure in which they lie, 
are eventually separated from the body-wall and buried deep in the 
thorax by the development of the lungs and pleurae. 

Vestigial Fold and Oblique Vein of Marshall. — In the human embryo 
during the 4th week and for two weeks afterwards there is a right and 
left duct of Curier and corresponding cardinal veins (Fig. 374). A left 
superior vena cava is present and may persist (Fig, 372). The vestigial 
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fold and oblique vein of j\Iarsball (Fig. 373) arc all that usuallj^emain of 
the left superior vena cava. Tlic right superior vena cava, within the 
pericardium, passes in front of the right pulmonary vessels, and is bound 
to them by a mesentery or fold of serous pericardium ; the left has a 
similar relationship (Fig. 373) ; when it disappears the pericardial 
reflection remains in front of the left pulmonary vessels as the vestigial 
fold. The intra-pericardial part of the left vena cava or duct of Cuvier 
becomes the oblique vein ; it turns round th6 left aimole to terminate 
in the left horn of the sinus venosus (coronary sinus). The extra- 
pericardial part of the left duct of Cuvier joins the superior intercostal 
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Pig. 373. The Remnants of the Left Superior Vena Cava, derived from the Structures 

shown in JFig. 374. 

Fig'. 374. Diagram of the Sinus Venosus and Ducts of Cuvier of the Human Embryo 

in the 4th week. 


vein (Fig. 373). Both right and left superior venae cavae persist in 
some lower mammals, and occasionally this is also the case in man [3]. 

.'The left superior vena cava begins to atrophy when the common 
auricular chamber is divided into a right and left compartment in the 
6th and 7th weeks. 

Hhe left superior intercostal vein represents the following embryonic 
vessels (see Fig. 373) : (a) anterior part of the left posterior cardinal 
vein ; (6) the extra-pericardial part of the left duct of .Cuvier ; (c) the 
terminal part of the left primitive jugular vein. 

The left innominate vein opens up as a channel of communication 
between the two primitive jugular veins, the left superior vena cava 
undergoing, at the same time, a process of atrophy (Fig. 373). 
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The subclavian vein appears in the 5th week with the outgrowth 
of the arm bud. It joins an intersogmcntal vein (the 7th cervical), which 
at first ends in the posterior cardinal. As the neck becomes differentiated 
in the 2nd month and the heart moves backwards, the termination of the 
subclavian vein comes to open into the primitive jugular. 

Each primitive jugular (anterior cardmal) vein commences within 



of ^v«lopm«nt 


FiQ, 37C. First Stsge to the £To1atlon of the Inferior Vena Cava, and of Anastomoses 
between Anterior Cardlnale Cell innominate vein) and Wndet end of Posterior 
Cardinals by Ulac snaatomosia (led common lUac veta). 

the head— as the primitive head vein (see p. 200). The head vein 
receives tributaries from the fore-, mid- and hind-brains, and makes its 
exit by the jugular foramen, where it becomes the jugular, 

Snccession. of Abdominal Veins. — The arrangement of veins seen in 
the human abdomen has a long history. In the developing human 
embryo there is a succession of three systems of veins [4]. In the 5th 
week of development the two posterior cardinal veins drain the hinder 
part of the body (Fig. 375). They commence at the base of the sacrum 
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by the union of tributaries from the right and left leg buds and from the 
sacral segments and pass forwards on the dorsal side of the developing 
Wolffian Bodies (Mesonephroi). The cardinals as they proceed forwards 
receive tributaries from between each pair of segments (becoming 
lumbar and intercostal veins) and end by joining the anterior cardinal 
(primitive jugulars) to form the two ducts of Cuvier. Even at this early 
stage a change in the venous circulation is being introduced. As in the 
permanent condition of amphibia, part of the blood from the hinder end 
of the body passes through the Wolffian bodies before being returned 
to the heart. The veins that collect the blood from the bodies are Imovoi 
as the subcardinals ; they join the posterior cardinals (Fig. 375). In the 
6th week an important modification is introduced (Fig. 376). A com- 
munication opens up between the terminal part of the hepatic vein and 
the right subcardinal vein. In this way, not only the blood from the 
Wolffian bodies but also from the hind limbs and hinder part of the 
body is returned direct to the heart. 

After the establishment of this short route to the heart the next 
change is introduced. This consists of the disappearance of the greater 
part of both posterior cardinal veins and their replacement by new 
channels, which are opened up for the return of the blood carried in 
the intersegmental veins (lumbar and intercostal veins). These new 
longitudinal channels — known as the supracardinal vems — lie on each 
side of the aorta in front of the vertebrae. Behind they communicate 
with the sources of origin of the posterior cardinals — the future common 
iliac veins (Fig. 377) ; in front they turn outwards to join the terminal 
parts of the posterior cardinal veins, which persist. 

In the inferior vena cava are preserved part of all three systems 
(Fig. 378) . The part behind the liver represents the new cominunication ; 
the part immediately above the renal veins is made up from the right 
subcardinal. The part below the kidneys is made up mainly from the 
right supracardinal, but there are also two other elements — (i) an upper, 
which represents a communication between the right supracardinal and 
right subcardinal (Fig. 377), and (ii) a lower, the part of the inferior cava 
lying behind the right common iliac artery, which represents the hinder 
part of the posterior cardinal system. The renal, spermatic and supra- 
renal veins, originally ending in the subcardinal veins, now terminate in 
the inferior vena cava and left renal. 

The azygos veins arise from the supracardinal system — all save the 
terminal part of the right azygos vein, a survival from the right posterior 
cardinal (Fig. 378), and the left superior intercostal, which preserves part 
of left posterior cardinal. Cross communications open up between the 
left and right supracardinals. It is by the preservation of one of the 
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cross communfcjitiozis that the left hemi-azygos obtains access to the 
vena azygos major (Fig. 378). The left common iliac vein represents a 
cross communication — not betu’een the hinder ends of the supracardinals 
but between the posterior cardin.als. 

Although the parts of the three systems of veins which are preserved 
to form the superior vena cava and azygos veins are those which have 
just been mentioned, yet it is not uncommon for other elements to persist 
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— thus giving rise to the niunerous abnormalities of the abdominal veins 
witli which anatomists and smgeons arc only too familiar. One of the 
commonest of these abnormalities is a duplication of the infra-renal part” 
of the inferior vena cava [5]. 

The portal vein is formed out of the terminal parts of the two \atellme 
veins. They end in the posterior chamber of the tubular heart of the 
embryo— the sinus venosus. The vitelliiie veins, right and left, arise 
from ramifications on the yolk sac and pass in ihe ventral mesentery 
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of the fore-gut to the sinus venosus (Fig. 380). The nutriment wtliin 
the yolk sac is thus carried to the heart and distributed by the heart to 
the tissues of the embryo and yolk sac. With the differentiation of the 
gut from the roof of the yolk sac, the left vitelline vein becomes separated 
from the mesentery as a cord (Fig. 353), the superior mesenteric being 
formed in the mesentery of the developing mid-gut. Thus while the 
•terminal parts of the vitelline veins lie in the ventral mesentery (gastro- 
hepatic omentum) of the fore-gut, the three tributaries of the portal vein 
— ^the splenic vein from the fore-gut, the inferior mesenteric from the 
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Fig. 379. The arrangement of the Cardinal, Umbilical and Inferior Caval Veins in 
Lower Vertebrates. The venous blood from the posterior part of the body passes 
through either the renal or hepatic circulations before reaching the heart. (After 
Hochstetter.) 


hind-gut, and the superior mesenteric from the mid-gut (Fig. 380) — ^lie 
in the dorsal mesentery. They are developed as tributaries of the 
vitelline veins, for we have already seen that the veins of the yolk sac 
may persist as a cord which joins the superior mesenteric vein below the 
pancreas (see Fig. 353). The duodenum forms a loop between the 
vitelline veins (Fig. 381), and hence on either side, of the 1st and 3rd 
stages of the duodenum the vitelline veins remain separate, while in 
front, between and behind these stages, they are united by proximal, 
middle and distal junctions (see Fig. 381). 

The portal sinus in the transverse fissure of the hver is formed out of 
the proximal junction of the right and left vitelline veins in the ventral 
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mesentery (Figs. 381» 330) ; tbe part of the portal vein in the gastro- 
hepatic omentum (ventral mesentery), and behind the Ist stage of the 
duodenum, is formed from the right vitelline vein ; the corresponding 
part of the left vein disappears 5 the commencement of the portal vein— 
in the neck of the pancreas— represents the middle junction of the two 
vitelline veins (Fig. 381) ; the tcnmnal part of the superior mesenteric 
vein, which in the adult lies in front of the 3rd stage of the duodenum, 
represents a part of the left vitelline vein— the corresponding part of the 
right disappears (Fig. 381). To understand the transmutation which 



leads to the formation of the portal vein, it must be remembered (*) that 
the duodenum forms at first a free loop, the right surface of which 
afterwards becomes applied to the posterior wall of the abdomen ; 
(it) the pancreas is developed in its dorsal mesentery ; {in) the ventral 
mesentery, in which the liver is developed, is attached to the anterior 
part of the loop (Fig. 380). 

Hepatic veins are formed out of the terminal parts of the vitelline 
veins, but chiefly out of the right, for as wc have seen (p. 386), the left 
c^es to open into the sinus veoosus. These veins end at first in the 
sinus venosus (Figs. 330,331) The liver is developed between and around 
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their terminal parts (see p. 385). Thus it comes about that the vitelline 
veins are transformed into the veins of the portal and hepatic circulation. 
All the foetal and placental venous blood is at first poured through the 
liver. 

The ductus venosus is a new channel formed in the 6th week between 
the portal sinus and the terminal part of the right vitelline vein, whereby 
the greater part of the placental blood is short-circuited to the sinus 
venosus without passing through the liver. After birth, when a short 
circuit is no longer required between the placental circulation and heart, 
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Fig, 3S1. Diagram shoving the formation of the Ductus Venosus, and the fate of the 
Umbilical and Vitelline Veins. The arrows show the parts of the vitellme reins 
that become the portal vein. 


it becomes reduced to a fibrous cord [6]. It occupies the posterior 
part of the longitudinal fissrue of the liver and lies within the hepatic 
attachment of the gastro-hepatic omentum (Fig. 382). 

Umbilical Veins . — ^The umbilical vein at birth consists of two parts : 
(i) a part within the umbilical cord ; (ii) another within the . body, 
enclosed in the falciform ligament and anterior half of the longitudinal 
fissure of the liver. It joins there the ductus venosus and portal sinus 
(Fig. 382). The arrangement of the umbilical veins in a human embryo 
of the 4th week is shown in Fig. 29, and of the 5th week in Fig. 383. 
The vessel from which the umbilical veins have been evolved — ^the lateral 
vein of lower vertebrates — ^is illustrated in Figs. 31 and 379. In the 
body-stalk the umbilical veins have aber^" ^ 
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body-wall and ventral mesentery, in which they pass to reach the sinus 
vcnosus, they remain separate. "With the diflerentiation and closure 
of the umbilicus, the part of the body-wall in which the umbilical veins 
are situated grows in length and in thickness to form the umbilical cord. 
The intra-embryonic parts then lie udthin the ventral mesentery of the 
fore-gut, lateral and ventral to the vitelline veins. By the umbilical 
veins the blood is returned from the placenta to the heart. In nearly 
all vertebrate embryos the vitelline veins are the first of all the vessels 
of the body to be developed, but in the higher primates, including man, 
this appears not to be the case. We have seen (p. 40) that by the 16th 
day vascular formation has commenced in the chorion while there is as 



Fio. 3S2 Diagram of the Reronaota of the Umbilictl Vein ia the Adult— as sees os the 
doreo-caudst aatface of the liver. 

yet no sign of the vitelline veins or of the heart. We have noted too 
(Chapter II) that the higher primates ate remarkable for their precocious 
development of the chorion ; this early difieicntiation of the chorion 
is attended by an equally early formation of the umbilical vessels, which 
return the blood from the chorion to the heart. 

The outgrowth of the liver-bud within the ventral mesentery breaks 
up not only the vitelline veins but also the umbilical at their junction wdth 
the sinus venosus (Tigs. 330, 33\). The intra-embryonic part of the 
right umbilical vein atrophies, while the Uji enlarges. With the terminal 
parts of the vitelline veins the opposite is the case. Thus the chorionic 
blood as well as the \’itelline comes to be poured into the liver. The 
termination of the left umbilical vein is gradually transferred during the 
6th and 7th weeks from the sinus venosus to the portal smus (p. 487) 
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The left umbilical vein thus comes into communication vith the ductus 
venosus (sec Figs. 381, 382). 

The Heart as a Placental Pump. — Having thus traced the origin of the 
great veins which conduct the blood to the heart, we now turn to the 
development of this organ, lii the 4th and 5th weeks the umbilical 
veins are fully established (Fig. 383) and the heart is receiving the major 
part of its blood from the chorion, and its chief task is to serve as the 
pump of that organ. Hence the large size of the heart and pericardium 
when compared with the actual dimensions of the embryo itself — or the 



Fio. 383. Diagram of tlic Right Umbilical Vein of a oth-week Embrj-o before the Out- 
growtli of the ij\ er Trabeculae. (Modified from His.) 

individual organs such as the stomach [7]. Angioblastic cells are .being 
transforined into vascular structures at the end of the 3rd and beginning 
of the 4th week, and although vascularization proceeds at an extremely 
rapid pace, it is late in the 4th week before the heart begins to beat as 
a single organ and an efiective circulation is being established. 

Cardiac Tubes and Pericardium. — In Fig. 384 is shown a coronal section 
of the head region of a human embryo in which the neural canal is still 
open and in which only six body segments are demarcated — about the 
beginning of the 4th week. The cardie- 
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fusion. Under the fore*gut arc seen the angioblastic cells, representing 
the endothelial lining of the heart ; the walls of the tubes clearly repre- 
sent foldings of the visceral layer of the mesoderm— for they are seen to 
be still continuous with the mesodermal covering of the fore-gut. The 
pericardial part of .the coelomic space is already formed. It came into 
existence during the latter part of the 3rd week — by a process of cleavage 
that separated the mesoderm lying under the fore-gut into visceral and 
somatic layers. While the heart tubes ate separated from the somatic or 
parietal layer of mesoderm, they remain attached to the floor of the fore- 
gut by the dorsal mesocardium. No ventral mesocardium is formed. 
Sections showing the evolutionary origin of the pericardium and of the 
mesodermal wall of the heart are shown in Figs. 180, 384 and 433. 



FlQ 3S5. Coronal section ofTwIcartUallleglonofanuniau Embryo with ISaomites— 
en<lor4th»wL (AnerlanUler) 

In Fig. 385 a corresponding section of an embryo a few days older is 
represented. The process of fusion is complete and already the cardiac 
tube lias become elongated and bent so that it is laid open in the section 
at two places— near where it enters the floor of the fore-gut, to which 
it is bound by the dorsal mesocardium, and across the segment that 
will become the ventricles. The angioblastic mesenchyme now forms 

the endothelial lining of a narrow cardiac lumen ; the outer wall 

derived from the visceral mesoderm— -represents the muscular and 
epicardtal strata, but as yet, although its cells are contractile, they are 
stiU m a myoblastic state. Between endotbelial and mesodermal strata 
is interposed a thick subendothclial reticulum. Into this subendothelial 
tissue the myoblastic cells will proliferate and establish a myocardial 
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sponge-work. The spaces of the reticulum are laden with a jelly-like 
substance. 

In Fig. 384 the foundation of the heart is shown in section ; in 
Fig. 386 a reconstruction of the same stage of development is depicted, 
the cardiac rudiment being viewed on its ventral aspect. In Fig. 
386, A, the process of fusion of the right and left halves has begun : 
right and left systems can be demarcated into auricular, ventricular, 
bulbar and aortic segments ; the sinus venosus is not yet differentiated. 
Fusion takes place in a cranio-caudal direction, the first part to unite 
being the ventriculo-bulbar, then the auricular and later the venous 
sinuses. Pulsation is seen first in the bulbo-ventricular segment, the 
rhythm of the left, half being dominant. Pulsation in the auricles soon 
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Fig. 38C. 

A. The Cardiac Endothelial Channels of a Human Embryo at the beginning of the 4th 

week of development. The right and left elements are in the process of fusion. 

(Orts Llorca.) 

B. A more advanced stage in which the Ventricular Segments have fused. (N. W. 

Ingalls.) 

00., ventral aortae ; hulb., bxdbar segment ; vent., ventricular segments ; aur., ■ 

auricular segments. The arrows indicate areas of fusion. 

appears ; then in the sinus, the latter becoming the pace-maker for the 
whole heart [8J. 

Arterial and Venous Mesocardia. — The manner in which the tubular 
cardiac pump is fixed to the wall of the pericardium in a human embryo 
in the 4th week of development is shown in Fig. 387. The myocardial 
wall has been stripped off, showing the endothelial lining of the tube. 
The heart is fixed at two points only — behind at the place where its 
first chamber, the sinus venosus, is embedded in the septum transversum, 
and in front, where its terminal segment, the truneus arteriosus, 
perforates the roof of the pericardium to enter the wall of the pharynx. 
At these two points of attachment the epicardial covering of the cardiac 
tube becomes continuous with the lining membrane of the pericardial 
cavity ; the posterior reflection, on the sinus venosus, is the venous 
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mesocardium, the anterior, enclosing the truncus, is the arlmal meso- 
cardium. The rest of the heart is free within its hursa— the pericardial 
cavity. For a brief interval there is a dorsal mesocardium, but by the 
middle of the 4th week only a trace remains on the dorsal wall of the 
pericardium between the two points of attachment (Fig. 387). At no 
time is there a ventral mesocardium. The iter venosum leading from 
the pericardial to the plcuro-peritoneal cavity is still open ; the cardiac 
tube has grown in length and assumed certain definite bends and twists. 

A week later, as shown in Fig. 388, the arterial mesocardium has 
shifted backwards along the roof of the pericardium and become approxi- 
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FiO 333 The Attachments ofthe Heart In a UunuQ Embryo 4 2 men long and in the 

Sth '»ecl> of deselopnient A» in the preceding flgure, only the eadothelial lining is 
represented (.\ner ills ) 

mated to the venous mesocardium. There have also been changes in 
the hinder attachment, for the septum transversum, which is also 
migrating baclcwards, has taken up a more oblique position, being now 
partly on the dorsal wall. The iter venosum, which is reduced in size, 
is now crossed by the vein or duct of Cuvier, in a slanting direction. By 
the 3rd month the racsocardia have appro.ximatcd and the heart lias 
become fixwl in its final position {Fig. *113). 

Bends, Twists and Primary Chamhers.— In the prewous paragraph we 
have seen how the arterial and venous mesocardia become approximated, 
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thus bringing together the ends of the original simple cardiac tube. We 
are now to see that, during the approximation of its ends, certain 
structural changes take place in the cardiac tube itself, whereby its 
auricular (atrial) segment is brought in contact with its terminal or 
aortic segment. The bends, tAvists and evaginations of the cardiac 
tube are easily understood if the reader keeps in mind the manner in 
which the curvatures of the stomach are produced — ^namely, by unequal 
growth. The asjmimetry of the stomach is due to a more rapid growth 
along its greater curvature and to the localized expansion which gives 
rise to the fundus. In some animals there is an actual reduction — an 
^i?§2IEtion — of the lesser curvature which brings the pylorus in contact 



Fig. 3S9. Fig. 390. 

Fig. 3S9. The parts of the Human Heart as seen on their ventral aspect, early in the 4th 
•week. Only the endocardial lining is repre^nted. (After A'eit and Esch.) 
v-iimb, V., •vitrcllo-umbilical vein. 

Fig. 390. A ventral view of the Heart late in the 5th week of development. (After 

Prof. Frazer.) 

t 

with the oesophagus. The bends, twists and evaginations of the cardiac 
tube are produced -in a similar manner ; they are expressions of asym- 
metrical growth leading up to the stage reached in the fully developed 
heart. 

In Fig. 389 the embryonic heart, early in the 4th week of development, 
is seen on its ventral aspect and already the primitive ventriculo-bulbar 
segment of the tube shows a “ greater curvature ” towards the right and 
a sharply bent “ lesser curvature ” towards the left. These curvatures 
are also shown in Figs. 387 and 388 ; the ends of the primitive ventricular 
segment are being approximated. The Ihhb of the ventricular loop 
nearest the beginning of the heart, the proximal limb, will give rise 
■ to the 3rd or ventricular chamber of the heart ; the distal limb will 
produce the 4th chamber of the heart — ^the bulbus cordis. Besides the 
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ventiiculai.tlitire is anotEer important curvature at the junction of the 
auricular vrith the ventricular segment. The lesser curvature— the 
sharp angle— of this auriculo-ventricnlar bend is on the right and ventral 
aspect of the tube (Fig. 389). The 2nd chamber of the heart— the 
auricular or atrial— h scarcely marlced in the early part of the 4th week 
(Fig. 389), but by the hth week evaginations are produced on its dorsal 
side— at the side opposite to the auriculo-ventricular bend (Figs. 388, 
390). The sinus venosus or 1st chamber of the heart is partly embedded 
in the septiun transversum in the 4th week, while the truncus arteriosus 
or 5th segment [9] of the cardiac tube, which is elongated in the 4th week, 



is greatly shortened by the Dth (Fig. 390). Further, it mil be observed 
that even in the 4th week (Fig. 387) there are two constricted segments 
in the endothelial lining of the cardiac tube : one between the auricular 
and ventricular segments, the auricular canal; and one between the 
bulbus and truncus, the bulbar canal. All of these five parts of the 
cardiac tube are to be seen in the heart of a fish (Fig. 391) such as the 
shark. The sinus venosus serves as a blood reservoir ; the auricle acts 
as a pump to feed the ventricles, the ventricle is the pump of the gills 
and body ; the hulhus, which becomes incorporated in the right ventricle 
of the mammalian heart, foed.s £he gills in diastole, the truncus sc-rves 
purely os a canal. 

The Sinus Venosus, the first chamber of the vertebrate foetal heart, is 
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formed by the imion of the vitelline veins ; the umbilical veins and duets 
of Cuvier come subsequently to open in it (Fig. 392). The ducts of 
Cuvier reach it from the somatoplcure by passing round the coelomic 
passages (Figs. 387, 388) and entering the septum transversum. In fish 
and in the human embryo the sinus serves as a reservoir during systole 
of the auricle ; the systolic wave always commences in the sinus venosus 
when all parts of the heart are completed. The right and left venous 
valves (Fig. 394) at the junction of the sinus and auricle prevent the 
regurgitation of blood during systole of the auricle. These valves 



FlQ. 392. Showing the two chief Bends that occur in the Heart during tlie 4th week. 
Conus arteriosus, now usually known as the truncus arteriosus. The arrows are in 
the pleuro-pericardial passages. 


become more or less atrophied when the right and left sides of the heart 
are completely separated by the formation of septa. 

Fate of the Sinus Venosus (Fig. 393). — Since the sinus venosus plays 
such a dominant part in the physiology of the heart of lower vertebrates, 
it is extremely important that we should follow its fate in the hmnan 
heart. It becomes submerged chiefly in the right auricle, the sulcus 
terminalis (see Fig. 396) marking the line at which it becomes included 
by the upgrowth of auricular tissue. Already, at the end of the , 5th 
week, the orifice of the sinus has come to occupy a position in the 
posterior or dorsal wall of the right part of the common auricle (Fig. 394). 
The part of the right auricle that it forms is indicated by the entrance 
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of the folbiring vessels, all of them being originally tributaries of the 
sinus : (i) the superior vena cava (the right duct of Cuvier) ; (I'O the 
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the pbus venosus. The left hom of the sinus becomes the coronary 
sinus. The sulcus terminalis is marked on the interior of the right 
auricle bj a strong muscular band (taenia terminalis), which runs down 
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formed by the umon of the vitelline veins ; the umbilical veins and ducts 
of Cu^^e^ come subsequently to open in it (Fig. 392). The ducts of 
Cmder reach it from the somatopleure by passing roimd the coelomic 
passages (Figs. 387 , 388) and entering the septum transversum. In fish 
and in the human embryo the sinus serves as a reservoir during systole 
of the auricle ; the systolic wave always commences in the sinus venosus 
when all parts of the heart are completed. The right and left venous 
valves (Fig. 394) at the junction of the sinus and auricle prevent the 
regurgitation of blood during systole of the auricle. These valves 



Pig. 392. Showing the two chief Bends that occur in the Heart during the 4th week. 
Conus arteriosus, now usuaUy known as the tnincus arteriosus. The arrows are in 
the pleuro-pericardial passages. 


become more or less atrophied when the right and left sides of the heart 
are completely separated by the formation of septa. 

Fate o! the Sinus Venosus (Fig. 393). — Since the sinus venosus plays 
such a do m i n ant part in the physiology of the heart of lower vertebrates, 
it is extremely important that we should follow its fate in the human 
heart. It becomes submerged chiefly in the right auricle, the sulcus 
terminalis (see Fig. 396) marking the line at which it becomes included 
by the upgrowth of auricular tissue. Already, at the end of the . 5th 
week, the orifice of the sinus has come to occupy a position in the 
posterior or dorsal waU of the right part of the common auricle (Fig. 394), 
The part of the right auricle that it forms is indicated by the entrance 
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caval orifice, (ti) a band of musculature accompanying this remnant 
(Fig. 395). 

The Limbic Bands are tvro inflections of the*wall of the smus venosus 
that are formed (a) between the superior and inferior caval orifices, 
(b) between the irderior caval orifice and that of the coronary sinus [10]. 
In these inflections bands of auricular musculature cross, forming the 
upper and lower limbic bands (Fig. 395). Thus the mechanical valves 
that prevent auricular regurgitation in low vertebrates are replaced by a 
muscular mechanism which serves the same purpose. In amphibians 
and reptiles, where the division of the heart is incomplete, over-pressure 
in the right side is relieved by the escape of blood to the left side of the 
heart ; but in birds and mammals such an adjustment is impossible, 
hence the mechanical venous valves are replaced by a “ safety mechan- 



Fio. 307, The Posterior WsU of the Common Auricle of an Embryo of the 5th veek, 
shoffiog the Left Estensloa of the Slnue Venoeus. (His ) 

ism,” which will allow regurgitation from the auricles to the veins if the 
right side becomes over-distended. 

Sino-aoricular Node [11].— The musculature of the sinus veuosus of 
fishes is made up of small peculiar fibres rich in nuclei and in nerve supply. 
It has, more than all the musculature of the heart, the power of auto- 
matic rhythmical contraction. In human and mammalian hearts the 
sinus musculature is replaced by fibres similar to those of the auricle— all 
but at the sulcus terminahs, which marks the junction of the sinus and 
auricle. In the sulcus, just in front of the termination of the superior 
vena cava (Fig. 396), an area of primitive fibres persists— the sino- 
auricular node. It becomes diilerentiatcd in the human embryo towards 
the end of the Cth week ; the auricnlo-veutricular node appears about a 
week earlier. In lower mammals like the mole, the sino-auricular tissue 
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on tile anterior wall of the right auricle from the superior to the inferior 
vena cava, and indicates the junction of the primitive auricle mth the 
sinus venosus (Fig. 395) . The musculature which surrounds the terminal 
part of the superior vena cava and that contained in the wall of the 
coronary sinus rejDresents the musculature of the sinus. Elsewhere the 
muscle of the sinus appears to be replaced by that of the auricle. 

Valves of the Sinus Venosus. — ^Eight and left valves (venous valves) 
guard the entrance of the sinus to the primitive auricle and prevent the 
regurgitation of blood when the auricle contracts (Fig. 394). The valves 
meet above and form a superior fornix in front of the superior caval 
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Fig. 395. Diagram of the Riglit Auricle throAvn open to show the position and relations 
of the Bight and Left Venous Valves and the manner in wliich they are broken up 
by the Superior and Inferior Limbic Bands. 
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opening (Fig. 394, sept.) ; they meet below in an irfe^r fornix, which, 
owing to the great shortening of the ventral part of the aurieSar segment, 
reaches the base of the ventricle, and actuallv fuse s with the posterio r 
endocari^l cushion (Fig. 401). This has an important bearing on the 
origin of the auriculo- ventricular (A.V.) bimdle within the auricular 
canal. Along the base of each valve is arranged a band or taenia of the 
auricular musculature. Thus each valve consists of a membranous 
; marginal part and a muscular basal part. The right valve in the adult 
heart becomes (Fig. 395) (i) the Thebesian and (n) Eustachian valves ; 
(iii) the musculature at its base forms the taenia terminalis. The left 
' valve becomes (i) a fretted membrane on the septal margin of the inferior 
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arise in a manner similar to the corresponding parts on the right side. 
In the human heart the vestibule forms a large part of the left auricle, 
the primitive auricle being reduced to form merely the appendix (Fig. 
399), The vestibule is marked off from the rest of the auricle by a 
prominent muscular fasciculus — the taezria terminalis sinistra. 

Origin oS the Vestibule of the Left Auricle.— The representative of the 
pulmonaiy veins in fishes— viz. the vein of the swim bladder — ends 
directly or indirectly in the sinus venosus, a condition which may reappear 
as an abnormality in the human subject. In the Dipnoi, in which the 
swim bladder serves as a real lung, the pulmonary vein passes along the 
left wall of the sinus venosus to open in the left auricle near the base of 



the left venous valve in a manner almost identical to that shown in some 
abnormal human hearts (see Fig. 407). In the human embryo the pul- 
monary veins meet in the venous mesoeardium, and open by a single 
orifice as in the Dipnoi. As the lungs develop they grow round and over- 
lap the heart ; the right and left pulmonary veins separate ; their 
orifices move apart; later the right and left veins subdivide. With 
these changes the venous mesoeardium is widened and the part of the 
auricle in which the veins end is greatly extended to form the vestibule 
(compare Figs. 398, 399). It is highly probable that the vestibule of 
the left auricle also represents an extension of the sinus venosus The 
late Prof. His, who laid out knowledge of the development of the human 
embryo on a sure foundation of fact— he died in 1901— believed this 
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is more extensive ; it extends along the greater part of the sulcus 
terminalis, and passes towards the pulmonary veins In amphibia and 
reptiles it extends to the part of the left auricle (vestibule) in which the 
pulmonary veins terminate In the lowest mammals — ^monotremes— 
the muscular tissue of the node assumes a peculiar form [12]. Thus the 
higher in the animal scale one ascends, the greater is the reduction of the 
sino-auricular nodal tissue. It is in reality a neuro-muscular tissue, and 
is well defined by the 3rd month of development. Sir T. Lewis found that 
the contraction of the heart spread from the sino-auricular node, and 
gave it the name of the “ pace-maker ” of the heart. 

Formation of the Right Auricle. — ^The right auricle or atrium is formed 



Fig. 398. Fia. 399. 


Fig. 398. Beptilian Heart, viewed on its dorsal aspect, to show (1) the manner in 
which the Auricies arise from the Cardiac Tube, (2) the Auricular Canal, (3) the 
■ Sinus Venosus and Great Veins, (4) the Common Pulmonary Vein, which, at its 
termination, is embraced by the sinus venosus. 

Pig. 399. Heart of Adult ^^ewed from behind to show the Vestibule and the other parts 
of the Left Auricle. The auricle was in a state of systole. The remains of the left 
superior vena cava (vein of MarshaU) and the attachment of the pericardium are 
also indicated. 

by the combination of three parts : (i) the right primitive auricle, which 
appears as a diverticulum from the right dorso-lateral aspect of the auricu- 
lar segment of the cardiac tube (Fig. 391) (it forms the appendix and all 
that part of the right auricle which is furnished with musculi pectinati) ; 
(u) the auricular canal (Fig. 397), which forms the smooth part of the 
chamber above the bases of the right auriculo-ventricular cusps [13] ; 
(in) the sinus venosus, which forms the part of the right auricle between 
the remnants of the right and left venous valves (Fig. 395). 

Formation of the Left Auricle. — ^The left auricle is also formed by the 
combination of three parts : (i) the vestibule, which arises as an extension 
round the terminal parts of the pulmonary veins (Figs. 398, 399), 
(ii) the left primitive auricle, and (in) the auricular canal, inll of which 
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c\^1aions ; the adjacent margins of the Beptum and endocardial cushions 
fuse, but occasionally the fusion is incomplete, an interauricular foramen 
(Jbrojncn printuin) bein§ left between the bases of the auncnlo'Vcntricular 
valves below and septum ovale above (Figs. 400, 407). In mammals and 
birds the upper part of the septum primnm breaks down, the/oromcn 
ot'ale being thus formed. The part that persists forms the septum ovale. 
The septum secundum (Fig. 400) is formed by an inflection of musculature 
from the roof of the auricle to the right of the septum primum. It forms 
the annulus ovalis (limbic bands) and the musculature of the septum 
above the foramen ovale (Fig. 395). The foramen ovale thus becomes 
bounded above by the septum secundum, below by the septum primum. 
In 25% of people, according to Fawcett’s statistics, the foramen ovale 
fails to close withhi the first year after birth, but even when an opening 
remains blood could pass from the right to the left auricle only when the 
pressure was greater in the right than in the left [14J. The foramen ovale 
is an adaptation to the foetal type of respiration ; by it the purer blood 
returning from the placenta can pass from the right to the left side of the 
heart without passing through the lungs, which are then only partially 


pervious. 

Divisions oi the Trtmeus Aiteriosus.— 'WhUc the auricular segment of 
the cardiac tube is undergoing division during the 6th week a similar 
process is taking place in its terminal segment — the truncus or conus 
arteriosus, leading to the separation of the pulmonary from the systemic 
aorta. ^Yo have seen that the tnmeus becomes shortened during the 
5th week (Figs. 387, 388) and at the same time the ventral aorta or 
“ aortic sac ” is being cleft into right and left vessels. In the 6th week 
the process of cleavage has reached the origin of the 6th pair of aortic 
arches from which the pulmonary arteries arise (Fig. 431), so that there 
now remains but a short segment of the common aortic stem to undergo 
division and give rUc to the intrapericardial parts of the aorta and 


common pulmonary artery. The first step in the division is the appear- 
ance of four endocardial cushions at the commencement of the common 
aortic trunk (Fig. 402, A), the two larger cushions being placed right and 
left. As is shown in Fig. 402, these cushions become, for the chief part, 
converted into the aortic and pulmonary valves—but two of them, the 
right and loft, become fused and assist in forming the spiral septum 
which separates the aortic from the pulmonary passage. By the end of 
the 6th week the process of cleavage has spread towards the br-art • 
the lateral cushions are divided as shown in Fig. 402, B ; henceforth the 
pulmonarj' artery and aorta form distmet channels. IVc h/iv^ 
another example of what may be called developmental survey. 

Bnlhns Cordis.-We have seen how the first chamber of the AU 
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to be the case. It is certainly so in the heart of amphibians. In Fig. 
397 the sinus area will be seen to extend into the posterior wall of the 
left auricle. It is on this left extension that the venous channels from 
the lung buds open. 

Auricular Septa. — ^During the 6th week the auricular part of the heart 
becomes separated into right and left chambers by the formation and 
umon of the three following elements : {i) the endocardial cushions, 
{ii) the septum primum, {iii) septum secundum. Two endocardial 
cushions arise as thickenings of the endocardium of the common auricular 
canal, one on its dorsal or posterior wall, the other on its ventral or 
anterior wall ; they meet and fuse, and thus divide the common auricular 
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Fia. 401. Coronal section of the Heart ofaEabbit, illustrating the condition of parts In 
the Cth week of human development. (Bom.) 

“ Aortic cushions ” = bulbar cushions. 


canal into the right and left auriculo-ventricular orifices (Eig. 401). lu 
amphibians the endocardial cushions form the dorsal and -ventral cusps 
of the common auriculo-ventricular valve ; in reptiles these two cusps 
become united, and thus divide the common auriculo-ventricular orifice 
into the right and left charmels ; in birds and mammals their fosion is 
complete. The lower fornis: of the venous valves (Figs. 394, 401) becomes 
implanted on the posterior cushion ; thus the sinus comes almost to 
reach the brim of the ventricular chamber. The septum primum 
(Fig. 400) appears at the begumiug of the 6th week as a crescentic fold 
on the roof of the primitive auricle, and while it may actually grow 
downwards, yet appears to be produced mainly by the expansion of the 
two auricular chambers (Fig. 401), Its lower margin, which is covered 
hy a thickening of endocardial tissue, is attached to both endocardial 
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cushions ; the adjacent margins of the septum and endocardial cushions 
fuse, but occasionally the fusion is incomplete, an intcrauricular foramen 
(foramen primum) being left between the bases of the auriculo-ventricular 
valves below and septum ovale above {Figs. 400, 407). In mammals and 
birds the upper part of the septum primum breaks down, tiie foramen 
ovale being thus formed. The part that persists forms the septum ovale. 
The sepmm secundum (Fig. 400) is formed by an inflection of musculature 
from the roof of the auricle to the right of the septum primum. It forms 
the annulus ovalis (limbio bands) and the musculatoe of the septum 
above the foramen ovale (Fig. 395). The foramen ovale thus becomes 
bounded above by the septum secundum, below by the septum primum. 
In 25% of people, according to Fawcett’s statistics, the foramen ovale 
fails to close within the first year after birth, but even when an opening 
remains blood could pass from the right to the left auricle only when the 
pressure was greater in the right than in the left [14], The foramen ovale 
is an adaptation to the foetal type of respiration ; by it the purer blood 
returning from the placenta can pass from the right to the left side of the 
heart without passing through the lungs, which are then only partially 
pervious. 

Divisions o! the Truncos Arteriosus. — the auricular segment of 
the cardiac tube is undergoing division during the 6tb week a similar 
process is taking place in its terminal segment — the fnmeus or conus 
arteriosus, leading to the separation of the pulmonary from the systemic 
aorta. ‘NV’e have seen that the truncus becomes shortened during the 
5th week (Figs. 387, 388) and at the same time the ventral aorta or 
aortic sac ” is being deft into right and left vessels. In the 6th week 
the process of cleavage has reached the origin of the 6th pair of aortic 
arches from which the pulmonary arteries arise (Fig. 431), so that there 
now remams but a short segment of the common aortic stem to undergo 
division and give rise to the intrapericardial parts of the aorta and 
common pulmonary artery. The first step in the division is the appear- 
ance of four endocardial cushions at the commencement of the common 
aortic trunk (Fig. 402, A), the two larger cushions being placed right and 
left. As is shown in Fig. 402, these cushions become, for the chief part, 
converted into the aortic and pulmonary valves — but two of them, the 
right and left, become fused and assist in forming the spiral septum 
which separates the aortic from the pulmonary passage. By the end of 
the 6th week the process of cleavage has spread towards the heart ; 
the lateral cushions are divided as shown in Fig. 402, B ; henceforth the 
pulmonary artery and aorta form distinct channels. We have here 
another example of what may be called developmental surgery. 

Bnlbus Cordis. — ^^Ve have seen how the first chamber of the heart — the 
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sinus venosus — becomes included in the auricles. In a somewhat similar 
manner the 4th chamber of the heart — ^the bulbus cordis — becomes sub- 
merged in the ventricles, principally in the right ventricle [16]. In 



Fig. -102. The Origin of the Semilunar Valves. 

A. The four Endocardial Cushions of the Truncus Arteriosus. 

jB. The division of the Lateral Cusliions to form two Aortic and two Pulmonary Semi- 
lunar Valves. 


Figs. 403 and 404 the heart of a human embryo and that of a shark are 
placed side by side. In both, the truncus arteriosus and ventral aorta 
are present, 1 ; the bulbus cordis, 2 ; it is lined with valves in the shark 



Fig. 403. Fig. 404. 

Fig. 403. Heart of an Embryo of 4 weeks seen from the front. (After ffis.) Explana- 
tion in text. " 


FIG. 404. Heart of a Shark viewed from the front. 

and surrounded by cardiac musculature ; the bulbus is distinctly marked 
ofi from the ventricle at 4, and from the truncus at 3. The ventricle, 5, 
in the shark has the shape of a stomach ; in the embryonic human heart 
a diverticulum or evagination indicating the left ventricle has already 
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appeared {4tli week) ; the auricular canal, 6, the left and right aiu-icles 
7, 8, are also present. Thus in the human embryo all the parts of the 
primitive vertebrate heart are represented. 

Fate oi the Bulbus Cordis.— The fate of the bulbus cordis is most 
easily imderstood by a reference to diagrams such as are represented in 
Figs. 405, A, B. The bulbo*ventricular part of the heart in the human 
embryo resembles the stomach : there is a greater and a lesser curvature- 
In the 2nd month the lesser curvature, represented in the diagram by a 
heavy black line, undergoes a process of atrophy. The result is (Fig. 
405, B) that the cavity of the bulbus becomes thrown into that of the 
ventricle and the auriculo-ventricular and aortic orifices are brought side 
by side. At this time, when the lesser curvature is disappearing, the 




no. 405 

A. niagramniatlc (ccUon of the BmWyonlc Heart In the 4th veek. 
li nisgtsminatlc aectlon of the Foetal Heart at the 3rd month 
I,tlnu^ Tenosus; 2, auricle; S'. 3',1<*II and right ventntles; 4, bulbus cordis; 

5, common aorta ; 0, bulbo-ventriculsr Junction ; 7, bulbo-aortlc Junction , K. 
auriculo-sentrieular junetton; 0 , ant. cusp of mitral, 10, base of intervent 
sept, 

cavities of the ventricles are undergoing an enlargement by an evagina- 
tion of the ventricular wall, leaviug the interventricular septum between 
the ovaginations (Figs. 394, 401). The conus or tnmeus arteriosus is 
dividing then into systemic and pulmonary aortae. Thus it comes about 
that the cavity of the bulbus cordis is converted into the infundibulum 
of the right ventricle, merely a trace extending across to the left ventricle 
above the interventricular septum. The importance of recognizing the 
bulbus cordis as a separate constituent of the heart will he realized when 
it is remembered that 95% of the cases of congenital malformation arc 
the result of its imperfect transformation to form the infundibulum of the 
right ventricle of the heart. In nearly every case of congenital stenosis 
of the pulmonary orifice, a cavity of variable size will be found under the 
malformed valves representing the bulbus cordis. In fishes the bulbus 
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is concerned with the blood supply to the gills ; its derivative, the infundi- 
bulum of the right ventricle, has to do with the regulation of the blood 
supply to the lungs, but in neither case do we know the exact function 
of this part of the heart. 

Bulbar Cushions. — ^During the transformation of the bulbus in the 
6th week, there appear within it two endocardial cushions — evolved 
from the series of valves that line the bulbus of the primitive heart 
(Pig. 404). The part taken by them in building up the interventricular 
septum can best be realized when the infundibular part of the right 
ventricle is exposed as in Pig. 400. ITie line of fusion between the 
posterior and anterior bulbar cushions is seen to descend in the septal 
wall of the infundibulum from the pulmonary valves to the site of the 
interventricular foramen [16]. When the bulbar cushions fuse at the 



Fig. 406, Section of the Ventricles of tlie Foetal Heart, showing the Mnscular Sponge- 
work witiiin their Cavities. (After His.) 

end of the 6th week the small sub-aortic part of the bulbus included in 
the left ventricle becomes separated from the main part included in the 
infundibulum of the right ventricle (Pigs. 405, A, B). The bulbar 
cushions are shown at an early stage of development in Pig. 401, where 
they are labelled as “ aortic cushions.” 

Formation of the Ventricles. — ^Along the lateral and convex aspects of 
the ventricular tube the musculature grows rapidly, forming a dense 
superficial layer and a deep sponge-work system of trabeculae, which 
almost fill the ventricular chamber. In the hearts of fishes and amphi- 
bians the sponge- work persists, but in birds and mammals the ventricular 
chambers are enlarged by the absorption of the sponge-work and the 
condensation of a parietal stratum. Between the right and left excava- 
tions, however, part of the sponge- work is left to form the interventricular 
septum (Pig- 406). In front the musculature of the septum is attached 
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to the anterior cushion of the bulbus cordis (Figs. 400, 401) ; behind, it 
is attached to the posterior of the two endocardial cushions in the 
auricular canal. On its upper free crescentic margin is a thickening of 
endocardial tissue. The closure of the mterrentricuiar/oramcn completes 
the separation of the left from the right ventricle of the heart. The 
foramen is bounded below by the margin of the interventricular septum ; 
above, by the bulbar cushions ; and behind by the a.v. endocardial 
cushions (Figs. 400, 409). The pars mcmbranacea septi, which is found 
beneath the base of the septal cusp of the tricuspid and below the septal 
cusps of the aortic valve, is formed towards the end of the 7th week by 
the fusion of the endocardial margins of the intcrveatricular foramen [17]. 
The foramen is thus closed by that process to which the name of zygosis 
has been given (p. 407). Only in mammals and birds is the inter- 
ventricular foramen closed, a foramen ovale established in the auricular 
septum, and the venous valves replaced by a muscular mechanism. 

Coronary Circulation [18].— A section of the ventricular wall in the 
4th week of development (Fig. 385) shows three strata : (a) an endothelial 
lining or endocardium, (6) a thin outer or epicardial stratum in which 
muscle cells are formed, (c) a thick intermediate zone, made up of delicate 
fibres embedded in a jelly'Iike substance. During the 5tb, 6th and 
7th weeks muscle fibres, produced in the epicardial stratum, invade the 
intermediate zone and form a sponge-work almost filling the ventricular 
cavities. The sponge-work draws ite nourishment directly from the 
blood by which it is bathed. In the 7th week the epicardial zone 
produces its new fibres so that they form a dense layer, no longer acces- 
sible to intra-ventricular blood. With the condensation of the ventri- 
cular musculatme arose the need for a special blood supply, that furnished 
by the coronary arteries. In the 6th week the right and left coronary 
arteries arise as vascular buds, emerging from the root of the aorta. 
The coronary veins arise as outgrowths from the coronar/ sinus. By the 
end of the 2nd month an effective coronary circulation has been 
established. 

During foetal life new muscle fibres are being produced, older fibres 
are being replaced. This process of renewal goes on not only m child- 
hood but also in adult years [19]. Every^vhere the muscle cells of the 
heart branch and establish union with neighbouring cells. From their 
first appearance the muscle cells of the heart are rhythmically contractile. 
The heart is a contractile organ before nerve cells or ncr\'e fibres reach it. 

Abnormalities of the Heart,— Five elements enter into the formation 
of the septum of the heart : the two intcrauricular septa, the two endo- 
cardial cushions of the auricular canal, the interventricular septum, the 
endocardial cushions of the bulbus and the cushions of the bulbus cordis 
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is concerned with the blood supply to the gills ; its derivative, the infundi- 
bulum of the right ventricle, has to do Avith the regulation of the blood 
supply to the lungs, but in neither case do Ave knoAv the exact function 
of this part of the heart. 

Bulbar Cushions.- — ^Diu’ing the transformation of the bulbus in the 
6th Aveek, there appear Avithin it two endocardial cushions — evolved 
from the series of valves that line the bulbus of the primitive heart 
(Fig. 404). The part taken by them in building up the interventricular 
septum can best be reahzed when the infundibular part of the right 
ventricle is exposed as in Fig. 400. The line of fusion between the 
posterior and anterior bulbar cushions is seen to descend in the septal 
wall of the infundibulum from the pulmonary valves to the site of the 
interventricular foramen [16]. When the bulbar cushions fuse at the 
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Fig. 406. Section of the A'cntricles of the Foetal Heart, showing the Muscular Sponge- 
work within their Cavities. (After His.) 

end of the 6th week the small sub-aortic part of the bulbus included in 
the left ventricle becomes separated from the main part included in the 
infundibulum of the right ventricle (Figs. 405, A, B). The bulbar 
cushions are shoAvn at an early stage of development in Fig. 401, where 
they are labelled as “ aortic cushions.” 

Formation of the Ventricles. — ^Along the lateral and convex aspects of 
the ventricular tube the musculature grows rapidly, forming a dense 
superficial layer and a deep sponge-work system of trabeculae, which 
almost fill the ventricular chamber. In the hearts of fishes and amphi- 
bians the sponge- work persists, but in birds and mammals the ventricular 
chambers are enlarged by the absorption of the sponge-work and the 
condensation of a parietal stratum. Between the right and left excava- 
tions, however, part of the sponge-work is left to form the interventricular 
septum (Fig. 406). In front the musculatme of the septum is attached 
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Various maldevelopments of the heart throw light on the nature of the 
auriculo-ventricular valves. In Fig. 407 an abnormality of this kind is 
represented. The anterior and postmor endocardial cushions have not 
united, hence the tricuspid and mitral valves are continuous across the 
upper border of the septum (Fig. 403). The aperture seen above the 
interventricular septum is the/orame» frimum — not the interventricular 


foramen. 

Nerves of the Heart. — The development of nerves of the heart has been 
investigated recently by several anatomists [22]. The heart begins 
to beat late in the 3rd week ; nerve fibres, from vagus and sympathetic, 
do not begin to invade the heart until the end of the 4th week. The 
invasion of cells and fibres takes place through (t) the venous meso- 
cardium to the atrial end of the heart, giving special supplies to sino- 
auricular and atrio- ventricular nodes; (it) through the arterial raeso- 
cardium to the bulbar end of the heart. No nerve cells occur on the 
ventricular side of the atrio-ventrieular groove (IVoollard) [23], 
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[0] Scammon and Norris, Amt. Rec., 1918, 15, 165. 
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(Fig. 400). Abnormalities may result from their non-union, but byfar 
the commonest defect found is a patency of the interventricular foramen 
(Fig. 409). This is accompanied in nearly every case by an arrest in the 
expansion of the bulbus cordis and a stenosis or narrovdng at the orifice 
of the pulmonary artery {congenital pulmonary stenosis). The blood of 
the right ventricle, in such cases, is pumped into the aorta, through the 
interventricular foramen ; blood is supplied to the lungs through the 
ductus arteriosus or by the bronchial arteries from the aorta [20]. 
Amongst the most difficult to -explain are the abnormalities of trans- 



Fio. 407. fig. 408. 

FIG. 407. Abnormal Heart of a Child with the Left Auricle and Ventricle laid open. 
a, left, b, right pulmonarj' veins ; c, septum primum ; d, d’, posterior and 
anterior endocardial cushions ; e, interventricular septum ; /, left ventncle ; 
g, left auricular appendbe ; h, aorta ; f, sup. vena cava. 

FIG. 408. Same Heart from above, a, the orifice of pulmonary arte^ vrith fusion of 
septal cusps ; h, valves of aorta, with the coronary arteries rising above septal 
cusps ; c, d, e, f, continuity of the tricuspid and mitral valves across the upper 
border of septum. 

position — ^where the aorta takes the anterior position of the pulmonary 
artery, and that artery, the posterior position of the aorta [21]. 

Auriculo-Ventricular Valves. — ^At first the auricular canal is exposed 
. on the surface of the heart (Fig. 403), but it soon becomes enveloped by 
the upgrovd^h and excavation of the bases of the ventricles (Fig. 397). 
The auricular canal, with an attenuated envelopment derived from the 
ventricle, thus comes to hang within the ventricular chambers and forms 
the lateral cusps of the tricuspid and mitral valves (Fig. 406). The 
septal cusps are formed from processes of the endocardial cushions 
(Fig. 406). The anterior cusps of the tricuspid has added to it a large 
element from the anterior bulbar cushion (Odgers). The chordae 
tendineae, musculari papillares, columnae carneae, trabeculae and 
moderator band are derived from the muscular sponge-work of the 
ventricles. 


CHAPTER XXIII 

CIRCULATORY SYSTEM (continued) 


Purkmje System oE the Heart. — ^About the middle of the 19th century, 
Purkinje, Professor of Anatomy at Breslau, discovered large peculiar 
muscle fibres beneath the endocardium of the heart of the sheep and of 
other ungulate animals. In 1906 Tawara showed that such fibres were 
connected with a muscular bundle which rose in the wall of the auricle 
the orifice of the coronary sinus and entered the ventricle along the 
upper border of the interventricular system [1]. In many cases of 
malformed heart the primitive relations of the auriculo-ventricular 
(a.v.) bundle may be seen (Fig. 409). It passes along the upper border 
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of the interventricular septum below the interventricular foramen. Its 
left branch descends on the septum to the musculari papillares of the left 
ventricle ; the right divUion or branch passes along the moderator band, 
which marks the junction of the bulbus cordis with the body of the right 
ventricle. ^Vhen it is remembered that the ventricles arise from evagina* 
tions of the ventricular tube, it will be seen that the bimdle on the upper 
border of the septum occupies the least disturbed part of the lumen of the 
primitive cardiac tube [2]. v 

The evolution of the Purkinje system may be realized from a study of 
Fig. 410. Gaskell found in 1883 that the auricles and ventricles were 
connected in fishes, amphibians and reptiles by the musculature of the 
461 
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CHAPTER XXIII 

CIRCULATORY SYSTEM {continued) 


Purkiiije System oi the Heart. — ^About the middle of the I9th century, 
Purkmje, Professor of Anatomy at Breslau, discovered large peculiar 
muscle fibres beneath the endocardium of the heart of the sheep and of 
other ungulate animals. In 1906 Tawata showed that such fibres were 
connected with a musciilar bundle which rose in the wall of the auricle 
the orifice of the coronary sinus and entered the ventricle along the 
upper border of the inten’cntricular system [1]. In many cases of 
malformed heart the primitive relations of the auriculo-ventrxcular 
(a,v.) bundle may be seen (Fig. 409). It passes along the upper border 
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of the interventricular septum below the intcrventticular foramen. Its 
left branch descends on the septum to the musculari papillares of the left 
ventricle ; the right division or branch passes along the moderator band, 
which marks the junction of the bulbus cordis with the body of the ri^bt 
ventricle. "WTien it is remembered that the ventricles arise from evagina- 
tious of the ventricular tube, it will be seen that the bxmdle on the upper 
border of the septum occupies the least disturbed part of the lumen of -the 
primitive cardiac tube [2]. V 

The evolution of the Purkinje system may be realized from a study of 
Fig. 410. Gaskell found in 1883 that the auricles and ventricles were 
connected in fishes, amphibians and reptiles by the musculature of the 
461 
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auricular canal (Eig. 410, 4, 4), and that this connection conveyed the 
■wave of con'traction from a'uricle to ventricle. The auriculo-ventricular 
m'uscular collar begins in a ring of peculiar muscle cells situated as shown 
in Fig. 410, 3, 3. In the mammalian heart the primitive muscle of the 
a'uriculo-ventricular canal disappears — ^and is replaced by an outgrowth 
from the a.v. node. (Walls). The node in •which the bundle arises 
represents a remnant of the ring of peculiar muscular tissue that 
surrounds the auriculo-ventricular jimction [2]. It is true that the 
sinus venosus reaches the posterior endocardial cushions (Fig. 401) near 



Fig, 410. Section of a Generalized Type of Heart to show the Origin of the AuriciUo- 
ventricular Bundle and Node, a, sinus venosus ; b, auriciUar canal ; c, auncle ; 
d, ventricle; e, bulbus cordis; f, aorta; 1,1, sino-auricular junction; A 
auricular junction with canal ; 3, auricular ring of peculiar fibres ; 4, auncuio- 
ventricular musculature ; 5, bulbo-ventricular junction. 

the site of the node, but it is most improbable, in the light of comparative 
anatomy, that the node at the commencement of the bundle should 
represent sinus musculatiire. 

Changes in the Circulation at Birth. — ^IVhen the umbilical cord is 
tied at birth the outflo'W of foetal blood to the placenta, by means of the 
umbilical arteries, and its inflow through the umbilical veins are immedi- 
ately arrested. There are also other means at work that bring about the 
closure of these vessels. There is an immediate contraction of then 
muscular coats; endothelial proliferation ultimately occludes their 
channels [3]. At the same time the ductus venosus, which short- 
circuited the placental blood to the heart, is shut by the contraction of 
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its muscular coat, soon becoming reduced to the state of u ligament. 
Evidence that has been brought forward by Sir Joseph Barcroft and by 
those associated with him [4] baa led us to see that the closure of the 
ductus arteriosus is not the passive meehanical process we had supposed 
it to be. AVithin 6 minutes from the time of birth the lumen of the 
ductus is closed by the active and tonic contraction of its muscular coat. 
Thus the impure blood issuing from the right ventricle by moans of the 
pulmonary aorta can no longer pass to the descending aorta, but must 
enter the puimonary circulation. This is aided by the fact that the first 
breath expands not only air spaces in the lungs but also the pulmonary 



FiO. 412 Section acrosi the Junction of the Aorta and Ductus Arteriosus (viewed ffoni 
behind) of ft (Ull-tlme Joetus tosDow the lattecttonofthe Wall of the Ductus within 
the Lumen or the Aorta 


vessels, A section, of the aorta at its junction with the ductus attetiosua 
(Fig. 412) shows that before birth the septal wall of the ductus is in- 
vaginated within the iumen of the aorta ; after birth the septal wall is 
bent within the lumen of the ductus, thus helping in its obliteration. 
The most important change of all concerns the foramen ovale. By its 
means the ptirified blood coming from the placenta passes from the right 
auncle to the left and bo to the left ventricle, by which it is distributed 
to the central nervous system and to those parts of the body that lie 
above the sternum. ’With the establishment of the pulmonary circula- 
tion at birth the pressure of blood within the left auricle leads to tie 
closure of the foramen ovale by the application of the septum ovale, 
which thus serves as a valve. The mechanism by which the foramen 
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ovale is finally obliterated has been already dealt with (p. 451), By 
means of the mechanisms just described the placental circulation of the 
foetus is converted into the pulmonary circulation of the new-born 
child. In the placental circulation the ventricles have equal work to do 
and hence their walls are of equal thickness. In the child the pressure 
within the aorta becomes three times that within the pulmonary artery, 
and hence the wall of the left ventricle becomes nearly three times as 
thick as that of the right [5], 

Remnants of the Foetal Circulation in the Adult. — ^The nature of these 
remnants has been already described ; they need only be enumerated 
here. They are ; (i) obliterated hypogastric (umbilical) arteries ; 

(^^) umbilicus ; (m) round ligament of the liver ; {iv) fibrous remnant 
of the ductus venosus ; (v) Eustachian valve ; [vi) foramen ovale ; 
(m) fibrous reirmant of the ductus arteriosus. 

Changes in the Position of the Heart. — ^The alteration in the position of 
the heart from a subpharyngeal to a thoracic position during the 5th, 
6th and 7th weeks of development is brought about by two factors. 
First, the heart is primarily a pump for forcing the blood through the 
organ of respiration ; hence in the fish it lies beneath the gills, in air- 
breathing vertebrates it is situated close to the roots of the lungs. 
Secondly, in reptiles, birds and mammals a neck is developed, the head 
and pharyngeal region being gradually carried forwards, while the heart 
and pericardium come to lie opposite the middle part of the dorsal region 
of the spine. The neck is differentiated in the human foetus during the 
; 2nd month. All the structures in the neck become elongated — ^the 
oesophagus, trachea, vagus nerves, jugular veins and carotid arteries. 
During this change the arch of the aorta and its branches are evolved 
from the stem or sac of the ventral aortamnd from the aortic arches. In 
most mammals the left carotid arises from the base of the aortic stem 
(innominate artery), and a reversion to this type is the commonest 
abnormality to which the aortic arch is liable in man (see p. 359). The 
separation of the left carotid from the innominate in man is due to the 
large size of the upper aperture of his thorax. The left vertebral artery 
or the thvroidea ima may gain an origin from the aortic arch. 

Final Fixation of Heart. — ^As may be seen from Figs. 387 and 414, -the 
heart of the human embryo is fixed within the pericardium exactly as m 
a fish — being attached behind to the septum transversum by the venous 
mesocardium and imder the pharynx by the arterial mesocardium. By 
the 8th week the interventricular septum is complete and the heart has 
taken up its position in the thorax, being fixed within the pericardium 
in the same manner as in the adult (Fig. 413). The original mesocardia 
can still be recognized separated by the transverse sinus of the pen- 
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cardium (Fig. 413, &)• The transveree sinus may also be recognized 
between the attachments of the fish’s heart {Fig. 414). The derivatives 
of the truncus arteriosus— the aortic root and pulmonary trunk— lie 
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within the reflections of the arterial mesocardium j the caval and pul- 
monary veins reach the auricles through the reflections of the venous 
mesocardium. That part of the septum transversum which contained 
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FiQ 415 view of theinterlor P^r^omehoH^g the Attachments ofthe Heart 

to Its natsal Aspect by the Aiteda) or Venous Mesocardia 


the sinus venosus and great veins has become an intrinsic part of the 
dorsal wall of the pericardium. The heart has so doubled on itself that 
the venous and arterial mesocardia are in contact, being only separated 
by a folenlial space — the transverse sinus {Fiv. 415). 
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ovale is finally obliterated bas been already dealt with (p. 451). By 
means of tbe mecbanisms just described the placental circulation of the 
foetus is converted into tbe pulmonary circulation of tbe new-born 
cbild. In tbe placental circulation tbe ventricles have equal work to do 
and bence tbeir walls are of equal tbickness. In tbe cbfid tbe pressure 
witbin tbe aorta becomes three times that witbin tbe pulmonary artery, 
and bence tbe wall of tbe left ventricle becomes nearly three times as 
thick as that of tbe right [5]. 

Remnants of the Foetal Circulation in the Adult. — ^Tbe nature of these 
remnants bas been already described ; they need only be enumerated 
here. They are : (z) obliterated hypogastric (umbilical) arteries ; 

(n) mnbilicus ; (m) round bgament of tbe liver ; (iv) fibrous remnant 
of tbe ductus venosus ; (v) Eustachian valve ; (vl) foramen ovale ; 
(viz) fibrous remnant of tbe ductus arteriosus. 

Changes in the Position of the Heart. — Tbe alteration in tbe position of 
tbe heart from a subpbaryngeal to a thoracic position during tbe 5th, 
6tb and 7tb weeks of development is brought about by two factors. 
First, tbe heart is primarily a pump for forcing tbe blood through the 
organ of respiration ; bence in tbe fish it bes beneath tbe gills, in air- 
breathing vertebrates it is situated close to tbe roots of tbe lungs. 
Secondly, in reptiles, birds and mammals a neck is developed, the head 
and pharyngeal region being gradually carried forwards, while the heart 
and pericardium come to lie opposite tbe middle part of tbe dorsal region 
of tbe spine. Tbe neck is differentiated in tbe bmnan foetus during the 
2nd month. All tbe structures in the neck become elongated — ^the 
oesophagus, trachea, vagus nerves, jugular veins and carotid arteries. 
During this change the arch of the aorta and its branches are evolv^ed 
from tbe stem or sac of tbe ventral aorta’ and from tbe aortic arches. In 
most mammals tbe lefi carotid arises from tbe base of the aortic stem 
(innominate artery), and a reversion to this type is the commonest 
abnormality to which tbe aortic arch is liable in man (see p. 359). The 
separation of tbe left carotid from tbe innominate in man is due to the 
large size of the upper aperture of bis thorax. The left vertebral artery 
or tbe tbyroidea ima may gain an origin from tbe aortic arch. 

Final Fixation of Heart. — As may be seen from Figs. 387 and 414,-the 
heart of tbe human embryo is fixed within the pericardium exactly as m 
a fish — being attached behind to tbe septum transversum by tbe venous 
mesocardium and under the pharynx by tbe arterial mesocardium. By 
tbe 8tb week tbe interventricular septum is complete and tbe heart has 
taken up its position in the thorax, being fixed within the pericardium 
in tbe same manner as in tbe adult (Fig. 413). The origiaal mesocardia 
can still be recognized separated by the transverse sinus of the pen- 
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the aorta opposite the 1st lumbar segment ; by the end of the 6th rreek 
their origin haa migrated backwards to the level of the last lumbar 
segment. In the course of their migration the umbilical arteries arise 
from the aorta by several roots— which simulate arches. Although the 
umbilical arteries appear to be direct continuations of the dorsal aortae 
in later embryonic and foetal life, yet there can be no doubt that this 
honour falls to the middle saoral artery, for, os we have seen (p. 38), 
the umbilical arteries must be regarded as greatly modified vesical or 
allantoic branches of the aorta. The middle sacral artery is formed 
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the fusion of the caudal arteries — ^morphological continuations of the 
dorsal aortae. The coeliac axis, superior and inferior mesenteric arteries 
are the sole survivors of the numerous branches supplied by the paired 
aortae to the archenteron. At the end of the 6th week the coeliac axis 
arises from the aorta opposite the 7th cervical segment ; by the end of 
the 7th week its origin is opposite the 10th thoracic segment— its per- 
manent position. The superior and inferior mesenteric arteries undergo 
a corresponding degree of migration backwards during the 6th and 7th 
weeks. The subclavian arteries arise at first from the dorsal aorta 
(Fig. 417) ; when the heart and aortic arches have moved backwards 
into the thorax, the subclavian artery remains fixed in position and thus 
come.s to arise in connection with the 4th aortic arch. 
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The venous mesocardium becomes much more extensive by^the in- 
grovrth and separation of the pulmonary veins. These grow in from the 
lungs, and pierce the pericardium to. reach the left auricle (Fig. 415). 
They reach the auricle through the mesentery or venous mesocardium of 
the sinus venosus. The migration of the left pulmonary veins causes a 
prolongation of the venous mesocardium to the left side ; when the heart 
is removed the venous mesocardium is seen to be F-shaped in section. 
The oblique sinus lies in the concavity of the pulmonary venous meso- 
cardium (Fig. 415). 

Primitive Relationships of the Pericardium . — Weie one to restore the 
head and pericardium to the relative positions they occupy in the 5th 
week of development, then the pericardium must be lifted from the 
thorax and placed beneath the chin and larynx so that the septum 
transversum is opposite the origin of the phrenic nerve from the 4th 
cervical segment ; the anterior border of the umbilicus is also then 
opposite the origin of the phrenic nerve. In the somatopleure over the 
pericardium and between the mandible and umbilicus are developed the 
depressors of the hyoid, the sternum and sternal ribs. The pericardium 
is therefore the coelom of the neck ; its fibrous wall represents the deepest 
layer of the cervical somatopleure, corresponding to the fascia trans- 
versalis of the abdomen. With the elongation of the neck and separa- 
tion of the pharynx and pericardium, the tissue of the branchial segments 
which surrounds the aortic arches is drawn out to form the carotid 
sheaths. 

Ectopia Cordis. — Occasionally children are born with their hearts 
exposed on the siuface of the chest. In extreme cases only the dorsal 
wall of the pericardium is present, and it is flush and continuous with 
the skin of the chest. In these cases the sternum is partially absent, or 
if present it is cleft, the right and left halves being widely pa,rted. No 
satisfactory embryological explanation of this condition has yet been 
given [6]. . 

Dorsal Aortae [7]. — ^The dorsal or descending aorta, like the heart, is 
bilateral in origin. At the beginning of the 4th week, as somites are 
being demarcated in the cervical region of the embryonic plate, the right 
and left dorsal aortae, commencing at the upper ends of the pharyngeal 
arches, pass backwards side by side, supplying branches to the arch- 
enteron as they go (Fig. 291). The dorsal aortae arise by the umon of 
endothelial-lined spaces and are at first simple endothelial channels. 
From their terminal branches on the yolk sac commence the Umbilical 
arteries (Fig. 29). By the end of the 4th week the dorsal aortae have 
fused to form one vessel from the 1st thoracic to the 1st Imnbar segment 
(Fig. 4i7). At this riate the radicles of the umbilical arteries arise from 
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A. Section of the Wall of the Yolk Sac to show the constitution of a DIood Island. 
(B. E Jordan) a, naemoblast, dlvldins ; t, I’^ytluohlast, dividing ; e, Blood- 
space; d, Haemoblast; e. Endothelial Cell * /, Leucobbst. 

£. Wall of Blood-space, ehovilag Blood Cells arislnS fioia Us EndotheUmn. (E. £. 
Jordan ) a Endothelial Cell ; b, Haemoblast being prcdiiced from Endothelial 
Cell : c, naemoblast arising outside Blood-tpace from Endothelium. 


lineage of the various kinds of corpuscles found in the circulating blood. 
In Fig. 419, A, a section of the wall of the yolk sac is depicted. Between 
its inner lining of endodenn and its outer endothelial (serous) coat there 
is a stratum of mesenchymal cells, some of which are being difierentiated 
into primitive blood cells (haemoblasts or haemocytoblasta), others into 
enclosing endothelial (vasoformative) cells. Blood and its vascular 
walls arise from cells apparently alike in structure and origin. In 
Fig. 418, A, is seen an island of haemoblasts, still unenclosed by endo- 
thelial cells. This island is a centre of erythroblast production ; it is 
the rule in the yolk sac for new cells to be formed within a vascular wall ; 
in the liver and marrow, formation is chiefly extra-vascular. No sharp 
line can be drawn in the wall of the yolk sac between endothelial cells 
and haemoblasts ; in Fig. 418, B, endothelial cells are shown in the 
process of becoming haemoblasts. 
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Formation ofJBlood Vessels [8]. — The largest ai^ry_or ,yem of the body 
begins as a simple capillary. .The manner in which capillaries are 
transformed into arteries and veins can be well observed in the mesen- 
chymal tissue of a developing limb bud. The somatic capillaries at the 
base of the bud send out invading processes, at first. solid, but soon 
canaliculized. These vascular processes unite within the Hmb bud so 
as to form a tier of arches. From these primary arches new processes 
grow out to form secondary and then tertiary tiers, and thus the limb bud 
becomes permeated by a plexus of capillaries. Some of the capillary 
channels serve for the infl[ow.^of blood ; others for its outflow. Certain 
of the inflow channels enlarge, while their neighbours are absorbed. In 
this way main arterial vessels arise, being provided with muscular and 
other coats by adjoining mesenchymal cells. Fibroblasts can be con- 
verted into muscle cells. Venous channels are established in a smular 
manner. Thus the axillary artery and vein are, in reality, greatly 
modified capillaries. 

Especially instructive are the observations made by E. and E. Clark 
on the development of vessels within transparent chambers set within 
the ears of living rabbits [9]. Into the coagulum within the chamber, 
after the lapse of 36-48 hours, proceed mvading capillary processes ; 
these form loops and arches as in the developing limb bud of an embryo. 
If the flow of blood becomes rapid, communications are formed between 
adjacent inflow and outflow channels, arterio-venous anastomoses bemg 
thus formed. 

Formation of Blood. — ^In the development of each system of the human 
body the various parts appear m the same order as they are seen to 
occur in ascending the scale of the animal kingdom. In many inverte- 
brate animals the blood is made up of only a fluid element, the plasma. 
VTien the human heart first beats, its lumen contains no blood cells, 
f only plasma. In amphioxus nucleated uncoloured cells appear in the 
" ‘ plasma. In all other vertebrates nucleated red, as weU as nucleated 
white, cells are constituent elements of the blood. Haemoglobm- 
carrying nucleated ceUs (erythroblasts) begin to appear in the foetal 
circulation late in the 6th week ; white nucleated cells (leucocytes) make 
an appearance about a week later. Although the final form of red cell, 
the denucleated erythroblast (erythrocyte) begins to be formed towards 
? the end of the 2nd month, the nucleated type is still being formed, and 
I circulates, until a few days after birth. Thereafter, in normal health, 

^ only definite erythrocytes are in circulation. 

The observations of Bloom and Bartlemez [10] seem to have estab- 
lished that, so far as the hmnan embryo is concerned, the wall of the yolk 
sac is the first and only source of blood cells from the end of the Srd week 
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By tie end of the 3rd month lymphoblasts are foimd in connective 
tissues of various regions of the foetal body, usually in the proximity of 
lymphatic vessels. They also become assembled in vast colonics or 
nodes. The lifetime of a lymphocyte appears to be very brief ; Prof. 
YofieyllS] has estimated that the whole lymphocyte population is 
replaced twice daily, such a turnover entailing an extreme rapidity of 
reproduction. Lymphoc 3 rtes are a product of the lymphatic system and 
hence are not produced in marrow, which is devoid of this system. 
Lymphocytes found in marrow have escaped from the circulation [14]. 
Monoo 3 rtes, although resembling lymphocytes in appearance, are of a 
difierent nature functionally and morphologically [15]. 

Lymphatic System [16]. — ^In all vertebrate animals the plasma or 
lymph from the tissues of the body is drained into the veins by a special 
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system — ^the lymphatic vessels. In fishes they may contain red blood, 
being derived apparently from •veins [17]. In amphibia the lymph 
collects in large spaces lined by endothelium, from which it is forced into 
the venous system by two pairs of lymph hearts — one pair situated in 
the angle between the jugular and subclavian veins, the other pair 
between the internal and external iliac veins. In mammals the l3Tnph 
hearts disappear ; they ate no longer required, for the negative pressure 
in the veins of the thorax, set up by the evolution of a separate respiratory 
cavity, is sufficient to draw the lymph into the venous system. It is 
Tcmatkablo, however, that Prof. Florence Sabin, who by a paper pub- 
lished in 1902 inaugurated a knowledge of the development of the 
mammalian lymphatic system, found that the lymph vessels appear 
first at those four points where the amphibian lymph hearts are situated. 
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Of the four great races into which the cellular elements of the blood 
may be divided — erythrocytes, granulocytes, lymphocytes and mono- 
cytes — ^the chief two, the erythrocytes and granulocytes, have a closely 
linked lineage. Both spring from a common ancestral type of haemo- 
blast represented by a common tj^e in the yolk sac, in the liver and, 
later, in red bone marrow. This common ancestral haemoblast has its 
representative type in the myeloblast of the marrow. Lymphocytes, 
although they do not appear in the embryonic circulation until the 7th 
week, are, so far as their origin is concerned, collaterals of the haemo- 
blasts ; they are the progeny of endothehal cells lining vascular channels. 
It is a remarkable fact that the haemoblasts that are developed first in 
the wall of the yolk sac are always described as large lymphoid cells. 
The remaining race of blood constituents, the monocytes and allied 
cells, are of still older lineage, for they retain powers inherent in embryonic 
mesenchyme. 

Tracing the lineage of red corpuscles (erythrocytes) is comphcated by 
two factors. The first of these occurs in the yolk sac, where until the 
end of the 2nd month two kinds of “ reds ” are being produced, a large 
and temporary form, the progeny of large primitive haemoblasts, and the 
smaller and permanent type, produced by normal haemoblasts. The 
second complicating circumstance afiects the production of reds at all 
stages of fife. Erythrocytes may reach their final form by passmg 
through two, or perhaps three, differing developmental stages [12]. 
Granulocytes too, although they arise from the same parental haemo- 
blast (myeloblast), become differentiated into three forms or kinds, 
neutrophils, eosinophils and basophils. An embryo’s blood group is 
fixed by the end of the 2nd month. 

The Origin of Lymphocytes. — ^The reticular tissue that underlies the 
epithelial lining of the alimentary canal corresponds to the blood-formmg 
stratum of the yolk sac. Erom the 3rd month onwards the submucous 
coat of the alimentary tract is a seat of lymphocyte production. We 
have already seen how endodermal outgrowths from the pharyngeal end 
of the tract become sites of lymphocyte proliferation (p. 373). The 
drawing reproduced in Fig. 419 was intended to demonstrate, in the frog, 
a direct transformation of endodermal cells into lymphocytes. The 
more probable explanation is that the endodermal cells of such bodies 
as the tonsil and thymus attract and provide pabulum for the pro- 
liferation of circulating lymphocytes. I must also set down here a fact 
which is against a view expressed in a preceding paragraph, namely, 
that lymphocytes and granulocytes are of different lineage and natme. 
Against this must be set the fact that Bloom succeeded in transforming 
lymphocytes into granulocytes by growing them in a cultural medium, 
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side of the neck spread and invade the tissues of the neck, head and arm 
—all save the central nervous system and voluntary muscles. These 
ate not drained by the lymphatic system. Th^greay^phjsacs.aio 


jugular vein, the orifice being guarded by valvular folds. 

Another pair of lymph sacs appear in the pelvis-^related to the corre- 
sponding iliac veins, into vhich they at first open (Fig. 420). From the 
pelvic ot iliac sacs outgrovrths invade the hind limbs and tissues of the 
pelvis and buttocks. In the mesenchymal tissue in which the dorsal 
aorta is embedded there appear a series of endothelial-lined lymphatic 
spaces, which become united and place the posterior or iliac sacs in 
communication with the jugular sacs. In this way two thoracic ducts 
are formed at the end of the second month. Tjvo.otherj-ctroperitoneal 
€entres^ppear,^ne at^the.roQt of-the.superior_mesenteric^artery, from 

which arises the /i— s-- -u » _ 

the other, to give ( . ’ • 

system is just as u aa lue nueuiai sysiem; | 

everywhere its walls are lined with endothelium. Nowhere docs it j 
communicate with ” tissue spaces.” 

The investigations of E. and E. Clark [20] have demonstrated thot in 
normal tissue, whether embryological or fully developed, there are no 
” spaces ” ; everywhere cells and fibres are embedded in a gel. The 
lymphatic spaces of amphibia arc enormously dilated lymph vessels. 

Eymphatitt Nodes.— These make their first appearance at the end of. 
the 3rd month of development, being formed ot the sites of Jymph sacs 
and along leashes of lym^"atIo^8seineadjng^qjthe5e_5ac9 [21], They 
appear first as follifleTwhicFari^developed within the lutnina of vessels ; 
thus the lymph passing along these channels is exposed to the lympho- 
^cytes developed in the reticular tissue of the follicle. Later a localized 
plexxis of lymphatic capillaries is formed; the plexus is invaded by 
' i^phocytes that are aggregated so as to form lymphoid nodules. 
(The nodules are invaded by blood-vessels, their substance becoming 
mfferentiated into cortex and medulla. Such are the stages in the 
development of lymphatic nodes. Lymphocytes arise within the nodes 
by the proliferation of the endothelial cells that line their lymphatic 
vessels and spaces. The lymphatic nodes grow in size and in number 
during each month of foetal life, serving as germinal centres for the 
production of lymphocytes. 

- I Int^eapular Body.— Under this name has been included the mass of 
V peculiar tissue which occupies the posterior triangle of the neck and 
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Enquiries by American embryologists, especially by Huntington and 
McClure [ 18 ], threw quite a new light on the origin of the lymphatic 
system. They established that the formation of lymph vessels begins 
at definite centres and from such a centre vessels spread outwards, 
vascularize and drain a definite area. If the starting centre is excised, 
then there is no outgrowth and vessels from neighbouring areas invade 
and drain the one thus deprived. "While the angioblasts of the blood 



system are everywhere and have established a complete vasculanza ion 
of the embryonic tissues before the end of the 4th week, the angio as 
of the lymphatic system do not become manifest until the end ^ ® 

6th week, when they form a capillary network in the centres of initiation. 
The greatest and earliest centre is situated in the angle between e 
jugular and subclavian veins, where the termination of the thoracic uc 
is afterwards formed. By the end of the 8th week the capillary networK 
of lymph vessels has fused and formed the extensive lymph sac shown 
Fig. 420. In the 3rd month outgrowths from the jugular sac on eac 
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side of tlie neck spread and invade the tissues of the neck, head and arm 
—all save the central nervous system and voluntary muscles. These 
are not drained by the lymphatic system. Th^gre^Jymph sacs, arc 
merely«.temporary structure their .cavities are fi lled b y reticular, 
lymphoid tissue produced by, the lymphatic endothelium.which, lines the 
sacs. As soon as formed, the jugular Ijrmph sac effects a union with the 
jugular vein, the orifice being guarded by valvular folds. 

Another pair of lymph sacs appear in the pelvis— related to the corre- 
sponding iliac veins, into which they at first open {Rig. 420). From the 
pelvic or iliac sacs outgrowths invade the hind limbs and tissues of the 
pelvis and buttocks. In the mesenchymal tissue in which the dorsal 
aorta is embedded there appear a series of endothelial-lined lymphatic 
spaces, which become united and place the posterior or iliac sacs in 
communication with the jugular sacs. In this way two thoracic ducts 
are formed at the end of the second month. T570.other.retroperitoneal 
centresjippear, j)ne_ j^thejoot of-lie.superiorJmesenteric_artery, from 
which'arises the system of vessels which drains the jilimentaryJtracl * 
the other, to pve ori^ to the rec^laculiSo^chyli [19]. The lymphatic] 
system is just as much a “closed” system as is the haemal system;) 
everywhere its walls are lined with endothelium. Nowhere does it'^ 
communicate with “ tissue spaces.” 

The investigations of £. and E. Clark [20] have demonstrated that in 
normal tissue, whether embryolo^cal or fully developed, there are no 
“ spaces ” ; everywhere cells and fibres are embedded in a gel. The 
lymphatic spaces of amphibia are enormously dilated lymph vessels. 

Lymphatic Nodes. — ^Theae make their first appearance at the end of 
.the. 3rd month of development, being formed at the sites of lymph sacs 
and.along leas hes of lymphatic veMeineading ^q.,^ese sac? [21]. They 
appear first as folircIS^hicKatedeveloped within the lumina of vessels ; 
thus the lymph passing along these channels is exposed to the lympho- 
.cytes developed in the reticular tissue of the follicle. Later a localized 
'plexus of lymphatic capillaries is formed ; the plexus is invaded by 
\ j^phocytes that are aggregated so as to form lymphoid nodules. 
uThe nodules are invaded by blood-vessels, their substance becoming 
‘oifferentiated into cortex and medulla. Such are the stages in the 
development of I;pnphatic nodes. Lymphocytes arise within the nodes 
by the proliferation of the endothelial cells that Ime their lymphatic 
vessels and spaces. The lymphatic nodes grow in size and in number 
during each month of foetal life, serving as germinal centres for the 
production of lymphocytes. 

., I Interscapnlar Body. — Under this name has been included the mass of 
V peculiar tissue which occupies the posterior triangle of the neck and 
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Enquiries by American embryologists, especially by Huntington and 
McClure [ 18 ], threw quite a new light on the origin of the lympbatic 
system. They established that the formation of lymph vessels begins 
at defimte centres and from such a centre vessels spread outwards, 
vascularize and drain a definite area. If the starting centre is excised, 
then there is no outgrowth and vessels frorh neighbouring areas invade 
and drain the one thus deprived. "While the angioblasts of the blood 



FiQ. 420. The Main Lymphatic Vesseis and Sinuses of the Human Foetus at the begin- 
ning of the 3rd month. (After Erof. Florence Sabin.) 

system are everywhere and have established a complete vascularization 
of the embryonic tissues before the end of the 4th week, the angioblasts 
of the lymphatic system do not become manifest until the end of the 
6th week, when- they form a capillary network in the centres of initiation. 
The greatest and earliest centre is situated in the angle between the 
jugular and subclavian veins, where the termination of the thoracic duct 
is afterwards formed. By the end of the 8th week the capillary network 
of lymph vessels has fused and formed the extensive lymph sac shown m 
Fig. 420. In the 3rd month outgrowths from the jugular sac on each 
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extends under the trapezius towards the posterior border of the 
scapula [22]. It represents the hibernating gland of insectivora and bats. 
It begins to form in the 2nd month of foetal life at the site of the jugular 
lymph sac. It is composed of a stratum containing three tissues— 
lymphoid, haemolymph (blood-forming) and granular cells which contain 
scattered droplets of fat. Prof. Jordan has drawn attention to the 
transformation of fatty tissues in various regions of the body of the 
foetus into blood-forming centres [23]. 

Haemolymph Nodes [24J. — In the subperitoneal fat of many mammals 
numerous red bodies may be seen which differ from lymphatic glands in 
the following points ; (i) the sinuses contain red blood corpuscles ; 
(«) instead of afferent and efferent Ijmphatic vessels, arteries and veins 
open into the sinuses. They occur in the human foetus, and apparently 
serve the same function as the spleen. 

Bone Marrow. — Until the 4th month of foetal life the marrow is com- 
posed of branching cells embedded in a jelly-like matrix (primary 
marrow) ; it then assumes the appearance of lymphoid tissue, and con- 
tains leucoblasts ; Jn the 6th month erythroblasts and erythrocj^^s 
appear in the dilated capillaries, forming red marroio in the centres of 
ossification (Hammar). At birth the marrow of all the osseous tissue 
is red ; during the years of active growth the niarrow of the shafts 
of bones is gradually replaced by fat cells, yellow marrow being thus 
formed. From birth onwards the red marrow forms the only tissue in 
which red blood corpuscles are produced. 
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centre— both motor.and sensqrj— in the hind-^ain, and visceral neiyes 
supplied by the va'^s, and from VMomotbr cen^s in the dorsal region 
of the cord. Although branchiae are n ever deve loped in th e huma n 
embryo^ yet the condition in the 4th and. 5t h we eks, when the heart is 
sui^aiynge'hl'jn, position, and the visceral and aortic arche s are, in 
process of development, can only be e^lained by the sup position that 
at one stage of evolution these pyts had served a res,pimtory purpose. 

Stage II . — Tn most amphibians foxir parts are to be recognizedln tEe" 
respi^ory system, (i)' The swim b ladder i s^bifid ; each half, now 
properly calle d a lun g [1], projects within the abdominal cavity above 
the pericardium and liver (Fig. 423). (tt) A respiratory passage leading 



from the pharynx to the lungs, and formed from the 2nd, 3rd and 4th 
branchial (4tb, 5th an3^th'visceral)_a rches. ^tt) The vascul ar svst^ '-^ 
for each l ung ri sgsJ!rQm_the artery of the 6th visceral arch_ fFig. 417). 
(iu) The_^nch^ ^scle^' which form^ y forced water through flip 
gi ll slits, are now transmuted into pharyngeal muscles and help to pump^ 
^jnt^hejungs— thus acting as muscles'ofSspir^iony^ The mtisolps ' 
the body-wall (see Fig. 423) ar^ modifiid^'form the muscles of 
exp iratio n. parts of the se are specially worthy ^of^notjce^ecause* 

' in mammals ^ey,becomeJheg ^hrag m f viz. (o) part of th e tra^ 
versalis sheet, which rises from the spm^e and ends in the pericardhi^ 
oesophagi^ and r^ts of the lungilETa deep lamina of the~ri'ctiw 
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RESPIRATORY SYSTEM 

Stages in the Evolution o! the Human Respiratory System.— The 
development of the Iimgs.j the pleur al cavities ^and ches t wall fo rms one 
of the most comphcated chapters of human embryology. The steps in 
the development of this system, as seen within the human embryo, are 
unintelligible until they are interpreted by a study of com^ara^ye 
anatomy, especially of those animal forms that show the manner in 
which a purely pulmonary system arose from one that was purely 




Fig. 421. Fig. 422. 

Fig. 421. Showing the Pulmonary Artery arising from the 6th Aortic Arch in a Human 
Embij'o of S'weeks. (After His.) ■ 

Fig. 422. Sliowing that tlie Pulmonary Diverticulum arises between and behind the 
bases of the last or 6th pair of Visceral Arches. (Frazer.) C.M., hypobranchiai 
eminence. 


branchial. Hence it is necessary to recapitulate briefly the varioip 
modifications of the respiratory system which are seen to occur m 
ascending from the lowest to the highest class oJ[ vertebrates. Four 
stages may be recognized ; 

Stage I . — This stage is represented m fishes, m _yY^i5h t he resp natory 
system is made up of the following parts : {i) Branchiae, in wHch^the 
respiratory exchange of b lood gasesT^ fiected ; (ii) the swim bladd er, 
an evagination from the oesophagimTcoSalhing o xygen, and s urrounde d 
by lymphoid tissue ; (m) the musculature of the hran clual a^chys and 
pharynxTwIdch pumps 'water through the' hrancHaljcI^te, u,nd he^ 
to -force the blood through the branchiae; (iv) nerve system, with 

' ' 476 ' ^ 
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The devclopm( 3 ifc of the diaphragm gave mammals too advantages : 
{i) an enorm ous inefease iirtne po wer of jaspiratjonT Tr 0 th^esp iratO ry 
negative pressure, ivhich"^ects all the v^era wriHin the body cavity in 
reptilMTSecame restricted to the thorax in mammals, i- 
■ Morphological Parts o! the Resi'iralory System are; (o) The respiratory 
passage, which extends from the pharynx to the bronchioles of the lung. 
The tissues that surround this passage arc derived from the coverings 



and substance of the 4th, 5th and especially the 6th arch. The nasal 
cavities continue the breath passages to the nostrils. We have seen how 
these cavities arc shut oS from the month in the latter part of the 3nd 
month. (6) The pulmonary tissue made up of (i) a diverticulum from 
the fore-gut, which represents the swim bladder ; (ti) a vascular network 
denv^ from the capillaries of the foace-gut. Into which opens a blood 
supply from the last (Gth) pair of aortic arches (Fi>». 421). (c) The 
'fTh“°r7 formed in the somatoplenre 
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a bdomini B, wbicb ends in the peri cardium (Fig. 423, sterno-costal). 
The nerve to these mi^ cular segments~descends on the outer a^ect of 
the superior vena caya'“exactly in' the' same manner as^fEel^^OTic 
nerve descends'to the diaphragm (Fig. 4237. 

Stage III . — (^) In reptiles the lungs are abdominal in position, but 
they are no longer simple sacs ; an elaborate series of corSpartihents, 
separated by partitions, have appeared within the lung, ffiuFe^oSnga 
larger vascular surface to the inspired air. (ii) The respiratory passaffi 
is elongated and demarcated ihtdlaryn^ trachea and b ronch i, (in) Ribs 
anH sterrium are developed, so that the muscul ature of ,the bod y-wall . 
becomes difierentiated into in^iratory and expiratory m uscles. 

Stage IV . — In mammals an extraordinary developmental chan ge 
occurs that leads to the formation of two pleural cavities and their 
complete separation from the abdomen by a diaphragm. The origin 
of the diaphragm must be sought for not in the reptiles, present of past, 
but in a very low form of amphibian. To understand the'ori^ of the 
pleural cavities and diaphragm of mammals the following points must 
be kept in mind ; (i) That the septum transversum, in its fuUy developed 
condition, as seen in the frog, is'the fibrouslayeFo’f tissue that sepmtes 
theHieaft from the liver ; a corresponding itouctme is seen in thehuman 
embryo, (w) Into the septum transversum are inserted the deepest 
layer of the rectus ab^minm and vertebral fibrei3^3h®-.'^AP?y^®^^ 
(Fig. 423). (m) The ribs are developed in the two in tomediate j aye^ 
of the lmdy:::wall — namely, those represented by th^e^emalnndintOTal 
obTi^ue mu^les [2]. The muscular fas ciculi that end in the^^ptum^ 
transversum are deep to the ribsanH intercostS musculature. (iv) The 
lung buds lie at fir st in the m esentery of tbe f ore-gut, from which they 
grow outwards on each side into a narrow (pleural) passage of^he 
coelomywhich leads from the pericardium to the perit6irej4lF^^lS^ 
(Fig. 424). The passage is situated at the upper border 'of.the^eptum 
transversum ; its pericardial opening, the iter venosum, is shut byjfche 
fold in which the superior vena cava is eimlqsed. Now, when the lung 
buds grow out in the mammaliaii embryo, they fill these p assages a nd 
their hinder ends projertjntc^he.. abdominal cavity. Then in the 6^h 
and 7th weeks coelomic passage undergoes an extremely rapid 
e:^ansion, growing into the body-wall so as to separate the pericar'diuin 
and the deeper or diaphragmatic layer of musculature from the outer or 
intercostal stratum. Lung growth follows closely oh e^ansionjof the 
ple'ural cavities, which are in reality new chambers or spaces 
by ah enormous expansion of the narrow coeKmc^r pleiual passages of 
the embryo. We shalihe^p. 482) that the septum transversum is also 
cleft during the expansion. 
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5th and 6th weeks is illustrated by Figs, 324, 325, 425, 426. In the 4th 
week the lung bud is a mere diverticulum ; in the 5th the trachea and 



riQ. 426. Ths I/>bul»tIoa of the Longs in the 6lh week. (After Merkel) 

buds of the main bronchi are apparent ; in the 6th week the secondary 
bronchi and separate lobes are in process of dif erentlation. 



FIG. 427. A Section of * Human Embno to ahow the relationships of the Pulmonary 
Buds at the 5th week, kwklng backwards. (After KoUmann ) ^ 


In Fig. 427 the relationship of the lung buds is shown to surrounding 
structures durmg the 6th week. The following points should be noted : 
(i) As the lung buds grow out they push their way into ths pleural 
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Development o£ the Pulmonary System. — Towards the end of the 4th 
week, a deep median groove appears in the floor of the fore-gut, extending 
anteriorly to the space between the 4th pair of arches (Eig. 422). On 
each side of the median groove is the 6th pair of arches, sometimes called 
the pulmonary arches, because the pulmonary arteries are derived from 
their vessels. Externally the pulmonary groove appears as a sac-like 
swelling or diverticulum on the ventral aspect of the pharynx and oeso- 
phagus (Fig. 421). Before the end of the 5th week the opening into the 
pulmonary pocket has assumed the form shown in Fig. 422, It is now 
a linear opening, bounded on each side by a fold, the primitive laryngeal 
folds. The anterior end of the opening abuts on the hypobranchial 
eminence (Fig. 422, C.M.), from which the epiglottis will be formed. 
The primitive laryngeal aperture represents only the anterior part of the 
original pulmonary groove, for as we have seen (p. 382) the posterior 
part becomes closed by the union of its lips, thus cutting the lung bud 
off from the oesophagus, the separation proceeding from behind forwards. 
The hinder part of the diverticulum becomes the lung bud ; the inter- 
mediate, the trachea ; the anterior, the larynx. 

Two points should be noted in the relationship of the oesophagus at 
the 4th week : {%) like that of a fish, it is extremely short ; (ii) if hes 
between the right and left cavities of the coelom in the dorsal attach- 
ment of the mesocardium of the sinus venosus (Fig. '427). {Hi) The 
part of the coelom that lies at each side of the oesophagus is the narrow 
passage connecting the pericardial and peritoneal cavities which becomes 
expanded to form the pleura. . 

When the pulmonary outgrowth is viewed from the side, its posterior 
extremity is seen to end in a deep p*ocket, the pulmonary pocket or diver- 
ticulum (Figs. 324, 429), The wall of the pocket is .fined by a mass of 
endoderm, which ultimately forms the epithelial lining of the whole 
respiratory tract, from the ciliated epithelium of the trachea to the 
pavement epithelium lining the alveoli of the lungs [4]. Round the 
pulmonary bud is grouped a mass of mesodermal tissue out of which the 
connective-tissue system of the trachea, bronchi and lungs is developed. 

In the 5th week the pulmonary pocket produces a larger right and a 
smaller left process, the right and left lung buds (Fig. 425). The right 
bud forms the right lung and bronchus ; the left, the left lung and 
bronchus. As the pleural cavities and their contained lung buds develop 
the oesophagus elongates and a general growth movement carries the 
stomach and septum transversum backwards. The tracheal part of the 
bud becomes separated from the oesophagus, but both retain the same 
nerve supply — ^the recurrent branch of the vagus — ^which is part of the 
nerve' of the 6th arch. The rapid development of the lung during the 
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passages — the narrow communications between the pericardium and peri- 
toneum. These parts of the coelom form the pleurae. The part of the 
coelomic Jining that is invaginated as a covering on the lung bud becomes 
the visceral pleura. The invaginating or ensheathing lining of the 
passage becomes the parietal pleura. As the lung buds grow, they 
distend the originally small pleural parts of the coelom until, at the time 
of birth, the right and left pleurae almost meet in front of the heart and 
completely separate the chest wall from the pericardium and diaphragm 
(Fig. 444). They meet after birth under the sternum, enclosing between 
them the anterior mediastinum. 

(n) As will be seen from Fig. 424, the lung buds sprout out from the 
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Tig. 42S. Transverse section of a Human Tmbrj'o showing: (1) the Outgrowth of the 
Lung Buds from the Jlesentery of the Fore-gut ; (2) the Separation of the pen- 
cardlum from the Body-WaU and Formation of the Pleural Cavities ; (3) ttie 
Separation of the Diaphragmatic Damina from the Septum Transversum. rne 
arrow shows the direction in which the right pleura invades the body-wall. (Alter 
Lockwood.) , 


mesentery just behind the duct of Cuvier. This relationship is retained 
in the adult, the vena azygos major and superior vena cava lying above 
and in front of the root of the right lung. The roots of the lungs xepre~ 
sent the situation at which the embryonic pulmonary outgrowth took 
place. If the left duct of Cuvier persisted it would lie above and in 
front of the root of the left lung. The ductus arteriosus — part of the 
6th arch — ^lies over the root of the left lung. At this stage (5th week) 
the pleural passage or cavity is still in communication with both peri- 
cardial and peritoneal cavities. Its communication with the pericardium 
closes at the end of the 6th week. 
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respiratory expansion and contraction of the body'^wall ; naturally the 
most yielding part of the lung is acted on. In birds the anterior or 
respiratory part of the lung has been sharply demarcated from the 
posterior or “ bellows ” part. The latter is broken up into abdominal 
air sacs. In m amm als the bcllowa part/’ represented by the pulmonary 
infundibula and air sacs, is disseminated amongst the “ respiratory ’ 
tissue, and the bronchi are arranged in such a way as to permit every 
part of the lung to undergo expansion- Thus the pattern of the bronchial 
tree is determined by the nature of the respiratory movements. 'Where- 
as only the respiratory part of a bird’s lung is supradiaphragmatic, the 
whole of the mammalian lung occupies tins position. 

The Manner in which Lungs grow. — ^We have just said that the 
expansile units have become dissenunated throughout the mammalian 
lung. It is manifest, however, that every part of the lung is not equally 
capable of expansion ; the structures in the root, the great bronchial, 
arterial and venous stems are comparatively inelastic. On the other 
hand, the peripheral parts of a lung, made up of air sacs and of their 
divisions (infundibula), with their surrounding capillary vessels and 
tissues, yield readily to every expanding and contracting respiratory 
movement. It is clear, then, that as the foetal lung grows to birth 
dimensions and, in post>partum life, as it attains adult dimensions, there 
must be some means of maintaining the expansile elements in the more 
superficial strata of the lung. Bronchi and main vessels are in a con- 
tinual process of elongation. The manner in which the growth of the 
lung proceeds is illustrated in Figs. 432, A and taken from a 
research by Dr. J. L. Bremer [3]. In Fig. 432, B, is shown a section 
across a terminal hud in the subpleural tissue of the lung of a rabbit 
3 days old. The bud consists of an infundibular passage ending in two 
alveoU. In each alveolus, although the capillaries on their walls are 
exposed, a“part of each is still lined by respiratory epithelium (R.B.) 
that will presently hud to produce an extension of the system of lohuli* 
In Fig. 432, A, a terminal lobule of the lung of a kitten 4 days old has 
been reconstructed. A terminal bronchiole (Br.3) ends in a growing 
expansion divided into sac, infundibuli and alveoli. The bronchiole 
has just received its muscular and adventitious coat from the larger 
bronchus of which it is a continuation. The coats (cross-hatched) are 
spreading into the wall of the terminal air sac that will presently become 
reduced to a bronchiole, or if a division takes place m the sac, then two 
bronchioles will be formed. Behind the ongrowing margin of the 
developing coats will be seen the remnants of former saccular outgrowths 
whicli have become submerged beneath the growing tunics. In this 
way the peripheral parts of a lung ate being constantly enlarged and 
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circulation in tlie lung is increased ; capillary plexuses appear on the 
walls of the alveoli (Palmer). At this stage the child becomes viable. 

Changes in the Shape of the Lung. — Even in the 6th week the lungs are 
merely glandular masses round the terminal parts of the bronchial out- 
growths. As in the frog, the hilum at this time forms the apex of the 
lung. During the 2nd and 3rd months the lungs assume their definite 
shape (Figs. 430, 431). The upper lobe grows towards the neck, and an 
apical region is thus formed. The apex as it grows forwards may come 
against the great azygos vein, which thus sinks into its substance [5]. 
The diaphragmatic or basal surface is at first absent, but as the pleural 
cavities expand and the basis of the diaphragm is stripped from the 



Fig. 430. The Position and Shape of the Lung in the 7th week of development. (After 

Prof. Frazer.) 

Fig. 431. The Position and Eelationships of the Lung in the 9th week. (After Prof. 

Frazer.) 

body-wall, this surface appears. In the human and anthropoid foetus 
the diaphragmatic or basal surface becomes remarkably large. The 
most important change, however, relates to the anterior or ventral border 
of the limgs ; at first situated on the dorsal side of the pericardium, the 
lungs expand forwards imtil they reach almost to the lateral borders of 
the sternum. In man and anthropoids the ventral or sterno-costal part 
of the lung reaches a high degree of development. 

Evolution of Air Sacs. — In reptiles we see the original bladder-like limg 
becoming demarcated into two parts — an anterior or cephalic part with 
thick spongy walls that contain cellular recesses for air and are richly 
supplied with blood; and a posterior, thin-walled and simple part. 
The thin-walled hinder pmi; serves as a pulmonary bellows durmg 
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of the development of the lungs of the pig. It must he rememheted thnt 
the point of origin of any htonchus may easily be moved to meet new 



Tio *53 —the Coa4U\i«iiSf the Right %tA Left Bud* Iti m Embryo at the 

end of the 6lh «e«k (After Bis.) 


physiological conditions. In the human embryo each main bronchus 
gives off three primary buds. AU three remain separate on the right 



FiQ. 435. Dligraniniatlc section of the ThoraY of a Quadrupedal ifammal (A), con* 
trasted with a corresponding sectlOR In 5Ian (A). 

aide ; on the left the upper and middle primary buds arise together 
(Fig. 431). Hence the upper lohe of the left lung represents the upper 
and middle lobes of the right. In the sheep and pig the upper right 
lobe springs from the trachea. The bronchus of the upper right lohe 
(the reason for it is not clear) commonly lies above its artery— -that is 
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reformed, until the end of. a child's 7th year, when all new formation 
ceases. Henceforth the process is one of expansion and consolidation 
of mature tissues. Even in the trachea buds may grow out and 
sometimes persist [6]. 

There are certain peculiarities in the lungs of animals which ate 
adapted to an upright posture (Man and Anthropoids) : 

(f) Ramification of the Bronchi. — ^In quadrupedal mammals the main 
bronchus passes baclcwards in the lung as a main stem, which grows 
gradually smaller by giving off four dorsal and four ventral bronchial 



A 

Fio, 432, 

A. Terminal Bronchioles with Alt Sacs from the Lung of a Kitten 4 days old (J. L. 

Bremer) ; Br. l, Br. 2, JSr, 3, the last being a terminal bronchiole ending In a 
sub-pleural sac, from which infundibula and alveoli are being developed, a, b, c, 
former infimdibula and alveoli, which are being obliterated by the extension down- 
wards of the muscular and connective coats along the bronchioles. The parts 
Surrounded by these coats are cross-hatehed. 

B. Section across Terminal Alveoli (aZr.) and an Infundibulum (in/.) in the subpleural 

tissue of a Babbit 3 days old. ■pi., pleura ; cap., capillary exposed in the wall of 
an alveolus ; Sept., partition between infundibular passages ; R.E,, respiratory 
epithelium lining alveolus. (J. L. Bremer.) 


branches (Fig. 434). So altered are the human lungs that the arrange- 
ment of bronchi seen in most mammals is not easily recognized in them. 
The ventral bronchi are larger, longer and more branched than in other 
mammals. In the human as in the mammalian lung the secondary 
and terminal bronchi are developed by division and subdivision of the 
pulmonary buds. 

{ii) Lobes of the Lungs. — ^In the embryonic condition (Fig. 433) it is 
seen that the right and left lung buds are nearly symmetrical. Aeby 
supposed the upper lobe of the right lung to be absent in the left ; and 
this is also the conclusion that Flint arrived at after a minute investigation 
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This lobe is always well developed in quadrupedal maminals. In them 
the pericardium is separated fcom the diaphragm by a diverticidum of 
the right pleura — ^the sinus su&pcriMrdiacus (Fig. 437). With the 
assumption of the upright posture (in man and anthropoids) the 
mechanism of respiration became altet^ and the heart came to rest on 
the diaphragm, the subpericardiac sinus and azygos lobe being thus 
obliterated. The reappearance of the azygos lobe as a separate structure 
— ^for a buried rudiment is always present — in roan is an afauism , that is 
to say, a recurrence of ap ancestra l feature. In quadrupeds an m^iratory 
contraction of the diaphragm is followed by an expansion of the lobus 
azygos and a corresponding elongation of the highly elastic intia-thoxacio 
part of the inferior vena cava j in man, on the other hand, the con- 



Fia. 437. The ReUtlonshlp of the Ileatt to the Piaphraem In Quadrupedal Slammals. 

traction of the diaphragm is followed by a descent of the conically 
shaped heart, thus indirectly eulai^g the pulmonary space. 

Blood Supply ol the Lung, — The pulmonary aorta, with the ascending 
part of the aortic arch, is formed out of the tnmeus arteriosus (see p. 453). 
The right and left pulmonary arteries spring as branches from the right 
and left 6th aortic arches (Fig. 436). The lung buds are at first supplied 
by arteries arising from the dorsal aorta (Himtington), but in the 6th 
week tins primary pulmonary plexus is joined by a communication from 
the 6th aortic arches, the anastomosis being the basis of the pulmonary 
arteries. At first the pulmonary arteries descend by the side of the 
trachea, but as the heart becomes intra-thoracic in the 6th and 7th 
weeks they are gradually .shortened until they pass horizontally to the 
roots of the lungs [9]. The pulmonary veins grow out from the pulmonary 
buds and enter the left auricle through the venous mesocardium about 
the Cth week (Fig. 429). The mesenchymatous or interstitial tissue of 
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to say, it is cparterial. The other bronchi are hyparterial [7]. A clue 
to the asymmetry of the right and left lungs will be found in a fuller 
knowledge of the mechanism of respiration [8J. ' 

{iii) Diameters of the Thorax. — ^The peculiar branching of the bronchi 
in man and orthograde primates is due to the shape of the lungs, which 
in turn is due to the shape of the thorax, and this in its turn is determined 
by the mode of breathing. In quadrupedal animals, such as the horse 
or dog, in which the chest rests and is supported between the fore limbs, 
the thorax has its greatest diameter in the dorso-ventral direction (Fig. 
435). In orthograde animals (man, anthropoids, and also in some water- 



Fia. 436. Shoeing the Origin of the Blood Supply to the Bung, in Cat Embryo. 
(Huntington.) * = pulmonary artery. 

living mammals, such as seals, etc.) the transverse diameter becomes the 
greater. ' At birth i;he diameters of the child’s thorax are nearly equal. 
The thorax is flattened by the spine becoming invaginated within it > 
the thorax thus comes to lie within the axis of^ravity of the upright 
body. 

(tv) Azygos Lobe . — On the inner side of the right lung of man tne 
azygos lobe is frequently present, sometimes as a mere pulmonary 
projection or trace, sometimes as a lobule. It represents an over- 
development of the 2nd ventral branch from the right bronchus (Fig. 426). 
It projects into and fills a slight recess between the pericardium an 
diaphragm, behind the intrathoracic part of the inferior vena cava. 
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{ill) the false-vocal cords and ventricles ; these structures came into 
being -with the evolution of the maramaUan stem. 

In Eig. 438 the basis of the epiglottis is being assembled at the anterior 
fornix of the primitive laryngeal orifice ; it is derived from the posterior 
part of the hypobrauchial eminence (Fig. 422, 0.Af.) and like the thyroid 
cartilage is made up chiefly from the substance of the 4th arch. The 
primitive lateral folds, "which guard the orifice, are becoming covered 
over by convex folds which are rising upwards ; the arytenoid cartilages 
are being developed in the hinder parts of these folds, the apices of the 
cartilages pointing towards the epiglottis. In Fig. 439 is represented a 
stage reached in the 7th week; the epiglottis is becoming separated 
from the tongue ; the oryteno-epiglottidean folds have assumed a bent 



no. <10. Tlia^amofttio CartUaiwofthenaryM tojlvo-w the part* OertTed fiomthe 
tWrltton of <Mh 'rtecewl wgromt. 

form, so tbat tlie new orifice to the larynx has, when eloged, the shape of 
the letter T. The aperture to the larynx ia now opened by the ary- 
tenoid cartilages—by being drawn backwards from the epiglottis and 
at the same time pulled apart. 

Thyroid Cartilage.— The origin of the cartilages of the larynx is shown 
in Fig. ddO, The thyroid cartilage is formed by tie expansion and 
amalgamation of the skeletal bases of the 4th and Dth visceral arches ■ 
at least this is true of lower mammals, but in higher mammals only the 
4th is involved (Edgeworth). The ekelelal baeia of the dth or pnlmonoiy 
arch in man, which forms the two lateral cartilages in the short pulmonary 
passage of the frog, becomes divided into a dorsal segment that forms 
the arytenoid cartilage, a ventral aegment to form the eiicoid. From 
the posterior part of the primitive lateral cartilage arise the rings in the 
wail of the trachea, chief, seconda^ and ultimate bronchi (Fig, 440) 
Prof. Fraier haa made a very thorough investigation of the develop- 
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the lungs is supplied by the bronchial arteries, which represent the 
primary vessels of the lung buds (Fig. 436). These arteries also supply 
the pleura on the mediastinal and diaphragmatic surfaces of the lungs. 
Lymphatic vessels begin to invade the root or hilum of the lungs at the 
end of the 2nd month, spreading into the lobes along the vascular beds. 
They reach the subpleural tissues in the 3rd and 4th months [10]. 

Changes at Birth. — When a child begins to breathe at birth, the 
expansion of the lungs helps to open up the pulmonary circulation ; the 
foramen ovale is shut and the ductus arteriosus is closed, and within 
the 1st month becomes reduced to a fibrous cord (see p. 463). The 
ductus arteriosus represents the dorsal segment of the 6th left arch ; 
the corresponding part of the 6th right arch disappears soon after it is 
formed. Before birth the air spaces arc filled by amniotic fluid ; it is 



riG. 438, Fig. 439. 

Fig. 438. The Epiglottis and Folds flanking the Upper Aperture of the Laryu.\ as seen 
in the 6th week. (After Prof. Frazer.) 

Fig. 439. The Epiglottis and Ars'tcno-cpiglottidenn Folds in the 7th week. (After 

Prof. Frazer.) 

a, epiglottis; b, primary laryngeal opening; b', secondary larj-ngeal opening; 
c, remnant of 4th pharyngeal arch ; d, aryteno-epiglottidean fold ; e, apex of 
arytenoid ; /, derivative from pulmonary arch. 


not until about the 4th day after birth that the whole of the lung is 
inflated and the fluid absorbed. The first part to expand is the costo- 
sternal or ventral part ; the second, the diaphragmatic or basal part, the 
apex is the third, and the dorsal border and deeper parts the last. 

Evolution of the Larynx [11]. — ^In lung-breathing fishes the larynx 
consists of two lateral movable folds which guard the pulmonary orifice 
in the floor of the pharynx ; they also regulate the intake and output of 
air. It is in this form that the larynx appears in the human embryo 
(Fig. 422) ; the folds which guard the respiratory chink become the true 
vocal cords ; the chink itself becomes the opening between the vocal 
cords — the glottis. During the 6th and 7th weeks -there is built up 
over the embryonic glottis a superstructure to protect the vocal cords and 
the opening into the respiratory passage [12]. This superstructure (see 
Figs. 438, 439) consists of ( 7 ) epiglottis ; (n) aryteno-epiglottidean folds , 
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form the ventricles. In the Bth month mucous glands ate developed 
from the membrane lining the ventricles, and a little later an outgrotrth 
is developed from their apices to form the saccules of the larynx. They 
project against the thyro-hyoid membrane. Occasionally the saccule 
of the larynx may protrude through the thyro-hyoid membrane, thus 
giving rise to an air cyst in the neck (15]. Laryngeal air-sacs are normally 
developed in anthropoids after birth, and attain a great size in the 
adults, extending to the chest and axillae. Their function is unkno^ni. 

Mechanism ot Respiration [16].— The diaphragm constitutes one of the 
most pronounced structural characteristics of mammals. The ancestral 
mammalian types in wHch the diaphragm first appeared are long since 
extinct ; we cannot study the evolution of the diaphragm among modem 
vertebrates. There are certain facta that throw light upon its origin 
and make us certain that the diaphragm did not grow within the coelom 
as a partition to shut off the part which contains the lungs from the 
part containing the abdominal viscera. During the 4th and 5th weeks 
of development the pleural cavities ate represented merely by the two 
short j^sages leading from the pericardial to the peritoneal cavity. In 
the 6th week these passages lie in the cervical region under the 4th. and 
Bth spinal segments, from which the phrenic nerve arises, and from which 
the musculature of the diaphragm is derived. It is clear, then, that the 
diaphragm entered into the service of the lungs when these were situated, 
as in the frog, below the cervical region (Fig. 423). In some manner, as 
the Iimgs developed and afterwards took up a thoracic position, the 
muscle that became associated with them in the neck accompanied them 
when they retreated to their new position in the thorax. If we are to 
find a representative of the early form of the diaphragm, it must be 
amongst amphibians that we should look. We can also get light on ite 
origin by studying certain malformations to which it is liable in man [17]. 

In Fig. 441 is shown the thoracic aspect of the diaphragm of a newly 
bom child, in which the left plcuro'pcritoneal opening has remamed 
patent. Through the opening the upper end of the left supra-xenal body 
and the spleen project within the pleural cavity, giving rise to a congenital 
diaphragmatic hernia. The pleuro-pcritoneal openings arc situated 
on each side, between the muscular fibres which rise from the ribs and 
sternum, and which form the ventro-Iateral part of the diaphragm, and 
the muscular fibres which arise from the spine and arcuate ligaments, 
forming the dorsal part of the diaphragm. The phtemc nerves, when 
they reach the diaphragm, divide into two branches, a ventral to the 
right and left ventro-Iatcral parts (from Illrdand IVth cervical nerves), 
and a dorsal branch (from IVth and Vth cervical nerves) to the right and 
left dorsal parts [16]. The central tendon, situated between the four 
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ment of the larynx [12]. At each side of the primary pulmonary orifice 
lies a mass of tissue representing the last or 6th visceral arch (Fig. 422). 
In this tissue develop the various parts of the larynx. The cricoid and 
arytenoid are the primary cartilages ; they are the only ones present in 
the larynx of amphibia and reptiles. The thyroid appears in mammals 
only. As already pointed out, the true vocal cords represent the primary 
opening of the larynx. In the 2nd and 3rd mouths of human develop- 
ment the part of the larjmgeal cavity above the vocal cords (suprarimal 
part) is produced by the upgrowth of the lateral masses on each side of 
the primary opening. In these masses are developed the arytenoid 
cartilages and the aryteno- epiglottidean or permanent folds which bound 
the lateral margins of the secondary laryngeal orifice. 

The muscles within the larynx are derived from the sphincter of the 
prumtive oesophagus. A^Tien the pulmonary outgrowth takes place a 
ventral part of the primitive sphincter (in reality a constrictor of the 
pharynx) is separated to serve as a sphincter for the new orifice. The 
nucleus of its nerve is part of the nucleus ambiguus and its nerve fibres 
issue in the accessory part of the Xlth. The sphincteric fibres give rise 
to the thyro-arjdenoid and inter-arytenoid muscles and also to the 
crico-thyroid, the latter receiving its nerve supply from the inferior 
laryngeal. The dilator mechanism, represented by the posterior crico- 
arytenoid muscles, is later in its evolution and development than the 
constrictor mechanism. 

In lower vertebrates the lateral margins of the epiglottis extend mto 
the aryteno-epiglottic folds. The cartilages of Santorini and Wrisberg, 
in the aryteno-epiglottic folds, are continuous with the epiglottis in many 
mammals (Sutton). Until the 5th month of foetal life the epiglottis lies 
behind the palate and ■within the naso-pharynx — a position which is 
normal for the adults of all orders of mammals [13]. 

The purposes which the larynx serves in all air-breathing vertebrates 
are: (i) to regulate the infl ow and outflow of respiratory air, and thus the 
positive and negative pressure ■within the lungs ; {ii) to prevent food 
and drink from passing into the air passage. The production of voice, 
which has led ,to a marked alteration of the human arytenoid cartilage, 
represents a secondary function of the larynx. The acquisition of 
articulate speech has been attended by a domination of the cerebral 
cortex over the muscles of the larynx. Only in man and the higher 
anthropoids are the ■true vocal cords covered by stratified epithelium , 
but all the muscles of the hmnan larynx are represented in the larynx 
of the ape, although in a less specialized condition [14]. 

Soon after the lateral masses grow up to form the suprarimal cavity 
of the larynx, an evagination takes place above each vocal cord to 
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Were the parts of this sheet restored to their embryonic relationships, 
then the pericardiuin should be placed beneath the mandible, so that 
the central tendon of the diaphragm lies opposite the 4th cervical seg- 
ment. If we are to restore parts to their original positions, the sternal 
and costal origins of the ventro-lateral segment of the diaphragm should 
be detached in the thorax and the muscle placed ventrally in the neck 
so that it is continuous, at its insertion to the septum transversum, with 
the depressors of the hyoid bone. Behind, the detached thoracic origins 
of the sternal and costal fibres should become continuous with the anterior 
end of the rectus sheet. In the human body the anterior part of the 
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rectus sheet becomes divided into four strata— {*) the ventro-lateral 
fibres of the diaphragm, (tc) the interchondral parts of the intercostaU, 
(til) the rectus abdominis, which in all mammals except man and the 
anthropoids reaches forwards to the 1st rib, (tv) the pectoraUs major, 
minor, subcla\*ius and that frequent human abnormality the siematis 
muscle. The development of the lung separates the deepest part of 
the rectus sheet from the chest wall to form the ventro-lateral part 
of the diaphragm (sec Figs. 430, 431). As we have seen (p. 109) the 
rectus sheet is derived from the ventral unsegmented mesoderm. Its 
segmentation is secondary. The ribs are fonn^ in the chest wall and 
to the posterior six this part of 'the' diaphragm ultimately obtains an 
attachment. 
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Were the parts of this sheet restored to their embryonic relationships, 
then the pcricardiuiu should be placed beneath the mandible, so that 
the central tendon of the diaphragm lies opposite the 4th cervical seg- 
ment. If we are to restore parts to their original positions, the sternal 
and costal origins of the ventro-lateral segment of the diaphragm should 
be detached in the thorax and the muscle placed ventrally in the neck 
BO that it is continuous, at its insertion to the septum transversura, with 
the depressors of the hyoid bone. Behind, the detached thoracic origins 
of the sternal and costal fibres should become continuous with the anterior 
end of the rectus sheet. In the human body the anterior part of the 



rectus sheet becomes ^vided into four strata— (t) the ventro-lateral 
fibres of the diaphragm, («) the interchondral parts of the intercostals, 
(iti) the rectus abdominis, which m all mammals except man and the 
anthropoids reaches forwards to the 1st rib, {ii>) the pectoralis major, 
minor, subclavius and that frequent human abnormality the 5 /ernah's 
muscle. The development of the Yung separates the deepest part of 
the rectus sheet from the chest wall to form the ventfb-lateral part 
of the diaphragm (see Figs. 430, 431). As we have seen (p. 109) the 
rectus sheet is derived from the ventral unsegmented mesoderm. Its 
segmentation is secondary. The ribs -are fOTmed in the chest wall'and 
to the posterior six this part of'thr'diapKragm ultimately obtains an 
attachment. 
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The vmtro-laMal pmls of the diaphragm arise as right and left 
picKro-pe^TOat folds, bemg developed from the inner stratum of the 
ody-wall the fold of the right side being seen in Fig. 443. Bach fold 
is derived from the ventral longitudinal muscular sheet which also gives 
rise to the rectus abdomim's and depressors of the hyoid bone (Fig. 423). 
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(t) The Bpinal fibres, at their origin from the vertebrae, raigrate outwards 
and obtain attachment to the arcuate ligaments; the costal fibres 
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migrate inwards, obtaining an origin from the 11th and 12th ribs. 
Only in man and anthropoids does this migration occur, and the extent 
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The dorsal parts of the diaphragm arc derived from that portion of 
the transversalis sheet of the body-wall that forms the subvertebral 
musculature (Figs. 423, 441). The manner in Avhich these parts of tbe 
diaphragm are detached from the body-wall and carried into the thorax 
by the developing pleural ca^dties and lungs is shown in Figs, 442, 444. 
The right and left spinal parts of the diaphragm sink within the dorsal 
mesentery of the fore-gut, obtaining anteriorly an insertion to the peri- 
cardium and septum transversum, while posteriorly they retain an origin 
from the spine and costal processes. The quadratus lumborum, longus 



L/y£fi. I uvER (section) 

Central tend. 


FIQ. 443. The Ilight Pleuro-peritoneal or Diaphragmatic Fold being separated from the 
Body- Wall and in the 7tli week of development. (After Prof. Frazer.)_ Pleural 
cav., riglit pleural cavity ; apexof pl.cav., apex of pleural cavity e.vtending dorsal 
to the right duct of Cuvier (superior vena cava). 


colli, the rectus capitis anticus major and minor are also derived from 
the subvertebral musculature. 

Pleuro-peritoneal Openings [18J. — The pleural passages, into which the 
lung buds develop at the end of the 1st month, open into the pericardium 
by the itinera venosa ; behind they communicate with the peritoneum 
by the pleuro-peritoneal openings (Figs. 427, 441, 444). These lie above 
the septum transversum (Fig. 445) and are separated by the mesentery 
of the fore-gut. In the mesentery between the openings are developed 
the spinal fibres of the diaphragm ; on the lateral side of each ope^g 
arise the costal fibres. The condition of the pleuro-peritoneal openings 
in the 7th week, when they are on the point of closing, is shown in Figs, 
342, 444. The actual closure is effected by that form of embryological 
healing to which the name of zygosis has been given (p. 407), but certain 
accessory factors ./are also involved in approximating their margins. 
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[7) Prof. Fraicr (ifanual of Emhryt^ogy) regards the epartcrial position of 

’ , , , 1 . ■* — early stage of development the artery 

position. See also Prof. Appleton’s 
the apical region of the limga (Jo«r. 

[8] For literature on the morphologyof bronchi, see: Huntington, G. S., Atncr. 
Jmir. Anal., 1920, 27, 99 ; Keith, Sir A,, in Hdi’s Further Advances in PhysioloQij, 
1909. 

,, . . .e^.-h 1- . 1? "n 'JO02 


ZcM. Anal.‘Enlwick., 1932, 98, 7(j0j Cotm and Others, Anat. Etc., 1942, 83, 
335. 

[10] Harvey and Zimmerman, Anal. Ecd., 1035, 61, 203. 

[11] For the evolution of the larynx, sees Negas, V., Acta Olo-Lartjng,, 1933, 17, 

i 

[12] Frazer, J. E., ?oc. cU. 

[13] Negua, V., Jour. Anat., 1928, 62, 1. Mr. Negus regards the epiglottis as 
concerned in smelling rather than with the act of swallowing. 

[14] Duckworth, IV. L. H.. Jmr. AttaU, 1913, 47, 82. 

[16] Many cases are on record. For a recent report, see Campbell, J. M., Jour. 
Anat., 1938, 72, 465. 

[16] For the evolution of the diaphragm, aee: Keith, Sir A., references given in 
notes [3], [8] ) Marcus, H., Anat. Ans., 1937, 84, ICl (genesis of diaphragm). 

[17] For structure and abnormalities of diaphragm, eeo : Blair, D. M., Jour. 
Anat., 1923, 57, 203 5 Keith, Sir A., ibid., 1905, 39, 243 ; Bril, J/cd. Jour., 1910, 
1, 1297 5 Contat, C., Ann, <rAnat. Po(A.. 1933, 10, 1 ; Garraud and Bartiez, t5id., 
1936, 13, 603; Hayek, H. von, Zeitsch. Anal. Enticick., 1033, 100, 218; Hill, 
W. C. 0., jBrtt. Jour. Sarg., 1930, 26, 632. For development of diaphragm : 


[18] For development of the pleural cavities, sec McGaw, W. H., Anat. Bee., 
1924, 28, 106 ; Heuser, C., Con<rf&. Emb., 1930, 22, 140. 
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to which they approach each other and thus close the opening is extremely 
variable, (u) The collapsed condition of the lungs of the foetus allows 
the abdominal viscera, developed in the domes of the diaphragm, to 
press the spinal and costal fibres against the dorsal wall of the thorax, 
thus mechanically closing the aperture. The liver, especially by its 
upgrowth within the septum transversum, helps to close the apertures, 
particularly on the right side, which is seldom the site of a diaphragmatic 
hernia. The supra-renal bodies are also developed just behind the 
pleuro-peritoneal orifices (Fig. 442), and help to close them. Indeed, 
the mesentery of the Wolffian body, in the anterior extremily of which 
the supra-renal bodies develop, is attached along the dorsal wall of the 
coelom as far as the septum transversum, where it forms a fold upon the 
lateral or outer margin of the pleuro-peritoneal orifice. 

Musculature of the Body-Wall. — ^The development of the musculature 
of the body-wall, also of the ribs and sternum, ought rightly to be 
included here, for all are closely related to the mechanism of respiration. 
The ribs have been already considered, and it will be more convenient 
to reserve the development of the wall of the thorax and abdomen with 
other correlated structures for another chapter (Chapter XXVIII). 


Notes and References 


[1] I am assuming that swim bladders apjreared first and that lungs were 
derived from them, hut the opposite opinion has been sustained (see Ballantine, 
Miss F. M., Trans. Boy. Soc. Edin., 1927, 55, 371). 


[2] See references given in note [2], Chapter VH. 

[3] For recent accounts of the development of the lungs, see: Miller, W. S., The 

Lung, 1947 (a record of 47 years of investigation) ; Frazer, J. E., Manual of Human 
Embryology, 1940 ; Broman, I., Anat, Am., 1938, 86, 225 ; Bremer, J. L., Gontnb. 
Emb., 1935, 147, 83 ; Willson, H. G., Amer. Jour. Anat., 1928, 41, 97 ; Puiggros- 
Sala, J., Zeitsch. Anat. EntwicTc., 1937, 106, 209 (early stages in development oi 
human lung) ; Strukow, A, I., ibid., 1932, 98, 466 (late stages in development) ; 
Clements, L. P., Anat. Bee., 1938, 70, 575 (in pig) ; Palmer, D. W., ’/oMr. 

Anat., 1936, 58, 59 (late foetal stages) ; Keith, Sir A., Jour. Anat., 1905, 39, ^ 
(a theory of pulmonary evolution). 


[4] Authorities -agree that alveoh, in early stages of development, have a com- 
plete epithelial lining, but many are of opinion that later, such lining is partial or 
absent, capillaries iri their walls being imcovered. On this point, see: Macklin, 0. 0., 
Jour. Anat., 1935, 59, 188 ; Archiv. Path., 1936, 21, 202 ; Josselyn, L. E., Anat. 
Bee., 1935, 62, 147 ; Bensley, R. and S., ibid., 1935, 64, 41 ; Loosli, C. G., Arn^. 
Jour. Anat., 1938, 62, 375 ; Jeker, L., Anat. Am., 1934, 77, 65 ; Ropes, M. W., 
Oontrib. Emb., 1930, 22, 79 ; AUen, C. M., Zeitsch. Anat. Entwick., 1932, 98, 460. 


[5] The part of the apex of the right lung cut off by the fissure containing the 
great azygos vein has been erroneously named the “azygos lobe.” For 
records of this anomaly, see Caimey, J., Jour. Anat., 1924, 58, 54 ; Stibbe, E. P-, 
ibid., 1929, 63, 303. For an account of the true azygos lobe, see p. 488. 


[6] Bremer, J. L,, Anat. Bee., 1932, 54, 361. 
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wall of the tubule itself. The secretion of the tubules is conveyed to a 
common collecting duct — the nepkric duct — which ends in the cloaca. 

An inspection of Fig. 446 (B, C, D) will show how the various parts of 
the nephiic tubule just named arise from the wall of the intermediate 
part of the coelom. We have already seen (p. 59) how, in the 4th week, 
the mesoderm on each side of the embryo becomes demarcated trans- 
versely into body segments or somites, and also longitudinally into the 
paraxial mass, the intermediate cell mass and the parietal laminae, and 
how extensions of the coelom are included in each of these longitudinal 
divisions. From Fig. 446 it will be seen that a nephric tubule arises by 



an evagination of the outer wall of the intermediate part of the coelom 
while the glomerular chamber or nephrocele (c) and the peritoneal funnel 
are produced from the coelomic passage which originally connected the 
peritoneal cavity with the cavity of a somite. Thus the nephridial and 
genital systems must be regarded as modified parts of the wall of the 
original coelomic cavity [1]. 

Succession oS Renal Systems.— In the evolution of the higher verte- 
brates there has been a succession of three renal systems, the third being 
the present functional system ^the Icidneys or jneianephros. All of them 
pronephros, mesonephros or Wolffian body and metanephros, are'“com- 
pounded of the same system of nephridial elements, just as the milk and 
permanent teeth are successive manifestations of the same dental system 



CHAPTER XXV 


UROGENITAL SYSTEM 

Evolutionary Stages.^ — The association of the genital with the urinary 
system has to be sought for in the ancestry from which vertebrate animah 
arose, for even in the lowest vertebrates they are already associated. 
The evidence of embryology makes it certain that man h^, been evolved 
from a type in which each segment of the body was provided with its 
own excretory tubule or Iddney. The parts of an excretory or 
nephric tubule are diagrammatically represented in Fig. 446, A. Into 
its dilated head or beginning projects a vascular body — a glomerulus— 



RQ. 446. Composition and Origin of Nephric Tubules. 

A. Diagram of an isolated nephric tubule. (After Semon.) 

B. Showing the manner in which the intermediate cell mass (a, b, c) gives origin to the 

nephric tubule (a), peritoneal funnel (6) and the nephrocele (c). 

C. The isolation of these parts from the somite and their union to form a system. 

D. The origin of a glomerulus in the wall of the neplirocele (c). (After FeUx.) 

similar to tlm glomeruli of the kidney ; at its commencement the 
tubule is also connected with the peritoneal cavily by an open funnel- 
shaped structure — ^the peritoneal funnel. By this commumcation 
ova or spermatozoa, which are shed from the genital glands, may 
escape from the peritoneal cavity and enter the excretory tubules, and 
thus pass outside the body. We shall see that the openings by which 
ova still escape in women and the passages by which semen leaves the 
testicle in men are derived from the funnel elements of the nephric 
tubules. The essential part of the excretory organ is the epithelial-line 
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Wolffian Body or Mesonephros (Fig. 448).— In lower vertebrates 
(Fishes and Amphibians)' the Wolffian body is the functional kidney ; in 
higher vertebrates (Reptiles, Birds and Mammals) it is merely a temporary 
or embryonic structure, the renal function being taken over by the 
permanent kidney. Apparently the permanent kidney (metanephros) 
arose by a hypertrophy and separation of the hindermost segment of the 
Wolffian body. The presence of the mesonephros in the human embryo 
and in the embryonic stages of the three great classes of higher verte- 
brates, with the presence of many curious stages in the development of 



FiQ. 449. Scheme of the WoIffi»D Body of the right side. 

their gemto-urinary system, can be explained only by the fact that these 
higher forms are descended from ancestors of the lower. 

In Fig. 449 is given a diagrammatic representation of the tubular 
composition of the Wolffian body of the frog, which in many points 
correspond to those of the human embryo. Each body is made up of a 
main duct and a series of tubules. In the frog, as m the human embryo, 
the hind-gut ends in a dilatation, the cloaca. In the cloaca open the 
rectum, allantois or bladder, and the two Wolffian ducts— right and left. 
In the frog, the Wolffian bodies lie on each side of the spine, their anterior 
ends reaching forwards to the region of the heart. Each duct is joined 
by numerous convoluted tubules— the Wolffian or nephric tubules. 
Each tubule is furnished with a glomerulus at its blind extremity, and in 
most features agrees with a secretory tubule— such as is seen m the 
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In the linman embryo of tbe 6tli week all three systems may be seen ; 
while the pronephric system, which is developed in the last four or five 
cervical segments and first two or three thoracic, is then undergoing 
retrogression, the metanephric in the anterior sacral segments is only 
appearing ; in this week the mesonephric system is approaching the 
height of its development, extending from the 7th cervical to the 3rd 
lumbar segment. 

It is clear that pronephros, mesonephros and metanephros are parts of 
the same linear series of organs. Not only so, but as we shall see pre- 
sently, the duct of the pronephros, as it grows backwards, has a power of 
“ induction ” on the tissues of the mesonephros, bringing about an 
organization of that body. All three bodies are made up of nephiic 



Fig, 448. Condition of the Nephric or Renal System in a Human Embryo of 4 weelcs. 

(After Ingalls.) 

tubules opening into a common excretory (Wolffian) duct. While m 
the cervical region the tubules are simple and retain their segmental 
arrangement, in the dorsal and lumbar region they multiply in number 
and complexity ; in the sacral region they become exceedingly numerous 
and massed round a diverticulum from the Wolffian duct — ^which forms 
the primitive ureter. In the 2nd month of hmnan development the 
Wolffian body is at the height of its development and in the latter part 
of this month and in the early part of the 3rd is actually functional 
(excretory). In the 3rd month the permanent kidney assumes its 
predominant position, and its predecessor, the Wolffian body, w 
converted into a mere appendage of the genital system. 
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Wolffian Body or Mesonephros (Fig. 448).— In lower vertebrates 
(Fishes and Amphibians) the Woliffan body is the functional kidney ; in 
higher vertebrates (Reptiles, Birds and Alammals) it is merely a temporary 
or embiyonio structure, the renal function being taken over by the 
permanent kidney. Apparently the permanent kidney (metanephros) 
arose by a hypertrophy and separation of the hindermost segment of the 
Woffian body. The presence of the mesonephros in the human embryo 
and in the embryonic stages of the three great classes of higher verte- 
brates, with the presence of many curious stages in the development of 
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their genito-urinary system, can be explained only by the fact that these 
higher forms arc descended from ancestors of the lower. 

In Fig. 449 is given a diagrammatic representation of the tubular 
composition of the Wolffian body of the frog, which in many points 
correspond to those of the human embryo. Each body is made up of a 
main duct and a aeries of tubules. In the frog, as in the human embryo, 
the hmd-gut ends in a dilatation, the cloaca. In the cloaca open the 
rectum, allantois or bladder, and the two Wolffian duefs— right and left. 
In the frog, the Wolffian bodies lie on each side of the spine, their anterior 
ends reaching forwards to the repon of the heart. Each duct is joined 
by numerous convoluted tubules~the Wolffian or nephric Utbules. 
Each tubule is furnished with a glomerulus at its blind extremity, and in 
most features agrees with a secretory tubule— such as is seen in the 
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permanent kidne 3 ^ These tubules are concerned in the separation of 
urine ; the Wolffian duct conveys the urine from the tubules to the 
cloaca. The anterior tubules, however, lose their secretory function and 
become associated vdth the genital gland. In the male frog they convey 
the spermatozoa to the Wolffian duct, which thus carries both urine and 
spermatozoa. The most anterior of all, as wiU be seen in Fig. 4A9, 
remain unattached. This is also the case in the human embryo. In 
the female, the genital Wolffian tubules are connected with the ovary, 
but are quite functionless. 

Wolffian Body in the Human Embryo [2]. — ^By the middle of the 2nd 



Fig. 450. Diagrammatic section to8howthePOTition^theVolffianand (^nitelKi^ 

on the Dorsal WaU of the Abdomen. W.D.. Wolffian duct. 3 /^-. 
duct; G/om., glomerulus; TV. t«6a/c, Wolffian tubule ; notocnora. 


month of foetal life, the Wolffian body is well developed ; by the end o^ 
that month it is undergoing a process of atrophy, except those p^^ w c 
come to be connected with the genital glands. Originally exten _ ^ 
the 5th cervical to the 4th lumbar segment, by the 8th week the o 
bodies axe confined to the region of the lower three thoracic an u;^ 
three lumbar vertebrae, where they project into the j^g 

on each side of the dorsal attachment of the mesentery (Fig- r 
anterior end lies at the pleuro-peritoneal orifice of the ffiaphra^- 
its inner side, in the lower dorsal region, lies the genital nag . 
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genital and the Wolffian bodies have each their own mesentery, but these 
two mesenteries have a common attachment — ^thc common urogenital 
mesentery (Fig. 450). On section the Wolffian ridge is seen to be made 
up of convoluted tubules terminating at their blind extremities in 
glomeruli. The tubules open into the Wolffian duct, just as in the frog ; 
the duct is situated on the lateral margin of the ridge, dorsal to the 
Mullerian duct. It runs backwards in this ridge and turns into the 
pelvis to end with the TilUllerian duct (also situated in the Wolffian ridge) 
in the cloaca of the hind-gut (Fig. 448). The whole arrangement is 
similar to that seen in the frog. Further, as in the frog, certain of the 
more anterior or genital tubules are connected with the genital glands, 
and are not, as the posterior ace, secretory in nature. If the testes were 
functional at this time — which they are not — the spermatozoa and urine 
of the Wolffian body would pass to the cloaca by the Wolffian duct. 

Origin of the Wolffian Duct and Tahnles. — ^The tubules which compose 
the Wolffian body are developed in the intermediate cell mass, in the 
manner already described (p. 501). The intermediate cell mass, in the 
anterior part of the body, is divided from before backwards into seg- 
ments ; two or three tubules arise in each segment, but in the posterior 
part of the body the intermediate cell mass remains unsegmented, 
forming a continuous column known as the nephrogenic cord. The 
tubules, although of the nature depicted in Fig. 446, appear in the course 
of human development as minute vesicles in the intermediate cell mass ; 
these vesicles become tubular ; one end opens into the Wolffian duct ; 
at the other a glomerulus is developed (Fig. 451). The duct is developed 
in the outer (lateral) part of the intermediate cell mass. Its anterior or 
cervical part appears early in the 4th week as a solid rod of cells formed 
by the union of the terminal ends of the pronephric tubules. By the end 
of the 4th week the caudal end of the pronephric duct has reached the 
cloaca and thus the pronephric duct forms the basis of the Wolffian duct 
— the duct into which the tubules of the Wolffian body open. Indeed, 
the Wolffian duct is not only a direct continuation of the pronephric 
duct, but it has to be remembered that the latter when it enters the re*^ion 
of the mesonephros exercises an inductive influence on that body, 
stimulating the formation of Wolffian tubules [3]. At first the hinder or 
pelvic ends of the Wolffian bodies are some distance apart, but in the 
8th week these pelvic parts become approximated and come to He 
together in a common sheath known as the genital cord. The genital 
cord contains the terminal segments of the Wolffian and Mullerian ducts. 
The Mullerian ducts, which become median in position, fuse to form the 
uterus (Fig. 461). 

The ftonephros [3]. — The pronephric tubules differ from the mesoue- 
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pliric iu retaining open peritoneal funnels (Fig. 449) and in their having 
glomeruli occasionally situated within the peritoneal cavity (Fig. 447). 
They reach theii' highest development in anterior segments of the 
human embryo during the 4th week, and then disappear, leaving no 
trace. Their duct becomes the Wolffian duct, and if a remnant did 
persist we should seek for it at the commencement of this duct. The 



C. D. 


Tiq. 451. Four Stages in tlie Development of a Wolffian (Wephric) Tubule in the 
Human Embryo. (Shikinami.) 

A. Vesicular stage of tubule, 
n. Tubule joins Wolfilan duct (TT.D.). 

C. Becomes convoluted. 

D. A glomerulus is developed. 

Tubule, Wolffian tubule ; W,D., Wolffian duct ; Qlom., glomerulus ; IT.F., Wolffian 
ridge. 

pronephros is the renal organ in amphioxus and the lamprey. R is 
functional in the tadpole. 

Fate of the Wolffian Body.— The various remnants of the embryomc 
renal formation that may persist in the adult female are shown in Fig. 
452, The MiiUerian duct, the upper part of which becomes the Fallopian 
tube, is situated in the Wolffian ridge (Fig. 450). Hence when the ovary 
and tube take up their position in the pelvis, the' Wolffian mesentery, 
which comes to form the mesosalpinx, is also drawn within the pelvis 
and "with it all the Wolffian remnants. A hydatid attached to the 
mesosalpinx (part of the broad ligament) at the fimbriated extremity 
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of the Fallopian tube (Fig. 462) represents the most anterior (cephalic) 
port of the 'Wolffian formation and may bo proncphric in origin (see 
Fig. 449). The Wolffian duct (Fig. 462) runs towards the body of the 
uterus in the mesosalpinx ; it reaches the side of the uterus, but from 
that point onwards it has disappeared by the commencement of the 
3rd month [4]. Occasionally, however, remnants of the lower or distal 
part of the duct persist. They lie in the roof of the vagina. The point 
of termination of the duct is sometimes preserved in the vulva to the 
side of the opening of the vagina and just outside the hymen. Only 
the upper part of the duct (mcsosalpingeat part) usually persists in 
women. The uterine and vaginal segments, when they persist, get the 
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name of duct of Gartner. The gentfol tubules, those attached to or 
connected with the ovary, persist and form the epoophorony Organ of 
Bosenmuller, or parovarium. The renal Wolffian tubules— those which 
acted as renal structures in the embryo — also persist, sometimes uncon- 
nected with the duct. They Kc between the ovary and uterus and form 
the paroophoron. Fluid may collect in their cavities, and thus those 
vestiges may form cysts, but, as we shall see (p. 410), the Wolffian 
remnants which are the usual source of cystic formations in the female 
lie along the ovarian fimbria and are derived from the elements which 
give rise to the rete testis in the male [6]. We shall see that the female 
hormone (oesttin) arrests or causes atrophy of the parts of the Wolffian 
duels which are genital in function. 
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In the male [6J the Wolffian duct forms (Fig. 453) : [i) the tube of 
the epididymis, •which is coiled up in the globus major, body and globus 
minor of the epididymis ; (n) the 'vas deferens and common ejaculatory 
duct ; the duct opens at each side of the uterus masculinus in the 
prostatic urethra, a site corresponding to the vestibule of the vagina in 
the female ; (m) the vesiculae seminales arise from tlie Wolffian ducts 
as tubular diverticula at the end of the 3rd month ; the terminal part 
of the duct also becomes dilated to form an ampulla ; {iv) we shall see 
that the ureter and collecting tubules of the kidney also arise from the 
AVolffian duct. The stalked hydatid frequently seen on the upper 



uterus masculinus 

Fig. 453. Remnant of the Wolffian Body in the Male (see also Fig. 452). 

extremity of the testicle corresponds to the hydatid at the fimbriated 
extremity of the Fallopian tube in the female, and is of similar origm 
(Figs. 452 and 453). 

The genital tubules of the Wolffian body become the vasa efferentia 
and coni vasculosi. Out of the total series of Wolffian tubules, about 
eighty in number, only ten retain their cormection •with the duct an 
effect a union -with the testis. 

The renal tubules of the Wolffian body form : {i) the vasa abenai^ia 
foimd in the globus minor ; (ii) the paradidymis or organ of Giraldes 
situated in the cord above the globus major, but not always present. 
The vas aberrans represents an' elongated Wolffian tubule, which as 
effected a communication with the Wolffian duct, but not •with the 
gland. The tubules of the paradidymis represent blind tubules, w ic 



UROGENITAL SYSTEJI 509 

retain ttie erntryoaic cystic form. All these tubules, both genital and 
renal of the Wolffian body, ate situated originally in the mesentery of 
the Wolffian body (Fig. 450). The male hormone stimulates the 
development of the Wolffian duct, while it arrests Mullerian development. 

Thus it will be seen that while in the male the Wolffian tubules and 
duct become part of the genital system, in the female they become 
functionless and only of patholt^ical importance. Their presence in 
woman is due to their utility in her male progeny, just as breasts persist 
in the male because of their utility in female progeny. 

Rete Testis. — ^The junction between the genital tubules of the Wolffian 
body and the seminal tubules of the testes is effected by the development 
of a separate element to which the names of rete-cords or junctional 
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cords have been given. In Fig. 454, B, is represented the origin of the 
junctional tubules, according to the account given by Dr. Allen [7]. 
The ovary and testis represent only the mid^e part of the original 
genital ridge ; the anterior and posterior parts atrophy and disappear 
by the end of the 2nd month. In the anterior vesti^al part of the ridge 
solid cords representing peritoneal funnels (Fig. 446) grow into the 
mesentery of the Wolffian body, and from these cords, as shown in 
Fig. 454, B (where only two cords are represented), is formed the rete 
testis. The rete testis effects communications with the seminal tubules 
by means of 'outgrowtha, which form the vasa recta, and also with the 
glomerular or blind extremities of the genital tubules of the Wolffian 
body (Fig. 454, C). In the female the junctional cords are formed in 
and near the hilus of the ovary ; vestiges usually remain.^ Frequently 
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fimbriated Lydatids (peritoneal funnels) arc attached to them (Fig, 
464, A). The majority of parovarian cysts [8] are formed from the 
junctional rudiments. Isolated vestiges may also be seen in the testicle 
between its upper pole and the globus major (Fig, 454, C). They also 
may give rise to cysts. 


THE KIDNEY 


Origin of the Permanent Kidney [9]. — In Fishes and Amphibians the 
Wolffian body alone acts as a Iddney. In Reptiles, Birds and Blammals 
the permanent or hind kidney appears and supplants the Wolffian 
kidney. Like the Wolffian body, the Iddney arises by the conihination 
of two elements which are developed separately — a duct or collecting 



Fia. 455, 

A. The Ureteric Bud and Nephrogenic Cap early In the Cth week. 

JS. The same parts later in' the Otii week. C indicates the stage of renal developm 

reached in the 7th week. 


system and a nephric or secretory system. The collecting system arises 
as an outgrowth from the hinder end of the Wolffian duct, and forms t e 
ureter, .the pelvis oftlm M^ey and the coUectiug inhules, which compose 
the main part of the medullary pyramids of the Sdiiey. The_secreto^ 
part ar ises fr om the hinder end of the nephridial system, the nephrogenic 
cord — ^just behind the part which gives origin to the mesonephros'"^ 
onTa level with the 1st and Bnd ^cral segment s ; it forms the ^ortexp 
"the M dneys : the glcmeruli," c<mvoluted JniMes andJoo|)s_pfjHen]e , m 
short, the secretory substance of the kidney (Fig- 466). i^eady, 
beginning of the 6th week, the meteric part of the kidney 
ardfiatati onrorMigEFevagination at th e Imder end of the 
near the cloaca (Fig. 448). The stage reached by the 
6th week is shown in Fig. 465, A ; the ureterie bud is stalked 
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reoresentinn the meter nuA its dilated pelvic end the r enal peh js .and 
coll ecting tWiles . TETnephrogenic tissue forms a cap on the pel™ 
iCIHtatitm. At this time the kidney lies under the 4th and 5th lumbar 
segments. At a latlr staRernnhe-Cth-Yreek- XFigr^SS, B) the metene 
iitalkhasbecome dnngated. the pelv ic dilatatio n has giyenrisatoprimagr 
evaginations representmg^ho calyces of the ki dneys; round the 
evaginations is massed the nephrogeme cap . Th e kidney now lies 
dorsal to the Wolffian body and under the 2nd and 3rd lumbarjegments. 



The separation of the ureter from the Wolffian duct has commenced. 
In Fig. 456, C, a still later stage is shown. Tuhules n ow bggin to fo rm 
i n the nep hrogenic cap and colle cting tubules to arise from thel^eb ^b 
bud . Collecting tutiules increase in number by the dli^on and 
redivision of the growing end of the pelvic outgro^vths. In the 3rd 
• month the increase of collecting tubules continues ; the growing "end 
of each bud divide s and redivides, and mmmer the collecting 

t ubules of the py ram icU arc formed (Fig. 45G, C). In Fi". 406 A the 
growmg extremity of such a collecting duct is represented ; in Fig. 457 
a series of such buds is shown on the surface of a growmg kidney. Near 
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one of its terminal buds is represented one of the numerous tubule-rudi- 
ments, formed from tbe neplirogenic tissue surrounding the ureteric 
out^owtbs (Fig, 456, A). Like a Wolffian tubule, it appears in a 
vesicular form. At one extremity it establishes a c ommunication with 
the collecting tubule at tim other a glome^us develops (Fig. 451). 
The tubule elongates, becomes convoluted and quickl y assum es the 
adultldm Tepfesented in Fi^i56, IK Glomeruli begin to applSU 
the commencement of the 3rd month ; each is formed out of a nucleus of 



Fig. 457, Section of Part of a Foetal Kidney showing the Subcapsular Zone of 

■ :■ ■ . . vdi^ision. V.Z., zone 

■■ . ' ■ ■■ ■. ■ . . ! : r.hcy serve for a time.; 

G.Z., growth or nephrogenic zone. 

nephrogenic tissue in which an afferent artery ends in a cluster of 
capillaries. Like the teeth, glomeruli are developed fuU sized. L a te jn. 
t he 3rd month loops of Henle are developed , separating the upper ffom 
th^ lower ^conwluted segments of a nephric tube. With the develo p- 
ment of the loops of Henle, a kidney becomes func^n al. ThFteto 
‘‘liepHronr”~coiDoprises the glomerulus^ the first convoluted segment, t e 
loop of Henle and the second convoluted segment, A_capsu] e beco mes 

differenti^d_ for the kidney from the surroundingjnesodemalJ^® 
in t he 3rd month r~~T^] BHneys haveliy thenTreached their final posi, wn 
— the 1 1th thoracic to the 4th limbar se gmen t. 
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the time of birth, tubular and glomem lar formation are seen in full 
acti\dty ^tbin the s^apsular zone of the ladney (h'i^ 457)7 The deep 
tubules are the first to differentiate. The wrlier broods of collecting 
tubes degenerate ^10^ by the time of btrth. the buds on th.c cortical 
surface of the renal pyramids represent the 15th or even the 20th m the 
divisional scries. Soon after birth the formation of new elements 
ceases ; increase in size is then due to pure growth of the parts already 
formed 111]. The collecting tubules , arising from each primary 
evagination of the ureteric bud, become massed in p^nramids ; the bases 
of the pyramids , clothed by nephrogenic caps, appear on the surfac e 
of the Iddne y and gi ve it a lobulated structure . In the fissures between 
the lobules cortex is formed ; soon after birth, as new cortical tissue is 
laid down, the depressions between the lobules arc filled up. In many 
mammals (ox, bea^ seal) the renal substance remains .broken up into 
numerous lobules . (JWan is peculiar among primates in having his renal 
substance divided into a number of pyramids ; in tbc great apes — as 
amongst monkeys— there is usually only one great papilla, whereas in 
man there are 8-12 papillae ; each papilla may have two or more 
secondary pyramids attached to ^12]. 

T he upper pole of the kidney rea eh.esJ-heJl th rib i n t he 5th month . 
and IS in ju xt aposition w ith, adrenal , which is de veloped at the 
anterior e n d of t he Wolffian b ody. At thei r first a ppear ance the r enal 
buds receive tempo rary branches from the common ili^ art ery an d ffom 
t he aorta , but when they come to lie on the dorsal aspect of the Wolffian 
body in the 7th week , the arterial network supplying the tubules of 
that body invades the nephrogenic tissue of the renal buds and thus 
t he kidneys annex th e_ series of Wolffian a rteries — stretching from th e 
11t h thoracic to the 4th lumba r. Tbc definite arteries are derived from 
those of the 2nd lumbar segment, but frequently more than one pair 
persist [13]. 

Changes which affect the kidney during the 3rd month, both as regards 
its position and in its relationship to neighbouring structures, arc illus- 
trated in Figs. 458, A, B. In the 9th week (A), the posterior wall of 
the abdomen is occupied, from above downward, by adrenal, kidney and 
o vary, the kidney being overshadowed in size by' ita~two~ueighb^s. 
Ry the end of the 12th wee k changes have taken place and are sho^vn in 
FigT^ST^fi. The kidneys and adrenal bodies remain m their place s in 
the loins, bu t the ovary and uterus , having retained their pelvin ^ 

are far removed from them. The kidneys are larger both relatively and 
absolutely. T he ureter has undergone elongation. These changes are 
due to the growth and elongation of the lumbar and sacral segments of 
the vertebral column. The earlier stages in the development of the 
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ureter, its separation from the Wolffian duct and its implantation in 
the bladder 'null be described later (p. 533), 

As the Ividncy grows forwards in the 2nd month its hilum at first looks 
towards the pubic region, and even wh^dt has r eached its final position 
and the poles become upper and lower, the hilum of the kidney sti ll 
looks towards the ventral, wall jof ._the_a bdomen. I n the 4th and 5tli 
month an anterior lip is formed to the hilum by the development of 
cortical tissue, and the hiliun then assumes its normal form and posi- 
tion [14], Thu anterior lip is u suall}’’ a bsent f rom horsesh oe kidneys, an 
abnormality which arises from a fusion of the rightand ’iefTheplirdg^c 
biffis [lb]. Such Iddneys are usually sup plied" vdth muItipie~Y^ ^ 
arteries. In other cases the renal buds growl^t towards the loins but 
towards the sacral region, becoming developed in the pehds, drawing 



(Bankert.) 

B. The same in the 12th week. (Bankert.) j 1 • 

n, round ligament of uterus; 6, the rectum; c, abdominal aorta; cdr., adrena , 
kid., kidney; ov., ovary; Ut., uterus; vr., ureter; BL, bladder. 

their arteries from the sacral and iliac vessels. The ureteric bud may 
divide and give rise to a forked ureter, or to double or even trip c 
ureters [16]. The nephrogenic element may remain single or it a so 
may become divided, giving rise to two kidneys on one side, 
common developmental error is the failure of the nephric tubules o 
efiect a union with the collecting, tubules. The nephric tubides en 
become dilated and cystic, giving rise to congenital cysts ’ 

Kidneys may fail to develop. Dr, Boyden [15] injured the pos 
growing end of the Wolffian duct and observed that the ladney on 
same side failed to develop. Dr. O’Connor infficted a similar 
the pronephric duct [3] and so arrested the development oi 
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nepLros. Certain breeds of rats are liable to produce young in which 
one or both kidneys may fail to form, this condition being known as 
renal agenesia [18]. 

The Uterus.—We have finished our consideration of the parts derived 
from the 'Wolffian body and its duct and pass on to note how the uterus 
and its tubes arise in the human embryo and foetus. At first sight it 
may appear that in passing to the dev'elopmenfc of the uterus we have 
entered a new section. In one sense this is true, but in another it is not, 
for in their origin and development the Mullerian ducts which provide 
a basis for the uterine system are closely linked with those of the 
■Wolffian ducts. The Wolffian ducts as they form seem to “ induce ” the 
development of their Mullerian companions. 

The Mullerian Ducts or Oviducts arc present in almost all vertebrates, 
and convey the ova from the peritoneal cavity to the surface of the body. 
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Fta 459 Dlj^amniatlc section across the Wolffian 8q<1 Genital aidees to shon’ the 
Unfits and Relations of the^uUenan Duct to the Ihict and I nboles of the Wolffian 
Rody. (After Paateaii ) 


In fishes, amphibians, reptiles, birds and lower mammals (Marsupials) 
the ducts terminate in the cloaca. This is also the case in the embryonic 
stages of man and all higher maratnals. The development [19] of the 
duct in man U very simple. The first part to be formed is the ostium 

abdominale, which appears on the vcntro*lateral aspect of the IVolffian 
.... f 

Th ■ ■ ■ 

the uoiman ridge (under the 3rd thoracic segment), represents a modi- 
fied peritoneal funnel or nephrostoroe. From the apex of the inva"ma- 
tion of coelomic epithehum, a solid rod-Uke process of cells grows back- 
wards on the Wolffian ridge, ventral to the M'olffinn duct (Fig. 450), 
reaching the region of the cloaca in the 8th week. Although the°ostium 
13 developed thus, the fimbriae that surround it are not formed until the 
3rd month, when they appear as outgrowths of the lining membrane of 
the tube. More than one ostium may be developed, represent 
neighbouring nepliric funnels. As it grows backwards in the Wolffian 
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ridge to reach the pelvis the IMiillerian duct passes ventral and medial 
to t e olffian duct (hig, 4G0) and comes in contact with its neighbour 
of the opposite side in the pelvis (Figs. 461, 462). The Mullerian duct 
IS foraed in the embryo later than the Wolffian duct; its posterior 
Rowing end does not reach the urogenital sinus until the 8th week, 
\ ithin the pehds there is a median fold of peritoneum and of suhperito- 
neal tissue, surrounding the terminal parte of the Wolffian and Miillerian 
ducts, making up the structure knorni as the genital cord. The right and 



FiQ. 460. FIG. 401. 

Fig. 460. The Genital System of a Female Human Foetus in the 7th week of develop- 

ment. (E. H. Hunter.) The growing lower end of the Mullerian duct is entering 
the genital cord.” W.B., Wolffian body; only that ofthe right side is depicted. 

Fig. 461. The Genital System of a Female Human Foetus in the 10th week of deyeloi^ 
ment. The lower ends of the Mullerian and Wolffian ducte are shown by stippled 
fines. (E. H. Hunter.) 

left Mullerian ducts enter the cord side by side and fuse together, but do 
not acquire a lumen until late in the 3rd month, when they open on the 
dorsal wall of the uxo-genital sinus, a derivative of the cloaca (Figs. ; 

460, 461). The opening of the two Miillerian ducts is situated between j 

those of the Wolffian ducts (Figs. 461, 462). Round the terminal parts ? 
of the Mullerian ducts, where they merge with the posterior (dorsal) 
wall of the urogenital sinus, there is an area or clump of actively growing 
tissue, made up of mesoderm and also of epithelium derived from the 
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lin ing of tlie Mullerian ducts. This proliferating mass is known as the 
mUerian bulb ; we shall sec that it is the active agent in the formation 
of the vagina. There are corresponding structures at the termination 
of the IVoIffian ducts known as WoIJfian bulbs ; these are concerned ndth 
the downward prolongation of the AVollBan ducts and with the formation 
of parts to be noted later. 

Mullerian ducts, although thej^ reach their full development onlj in 
women, are yet as completely and strongly formed in the male embryo 
of the 7th week as in the female of a corresponding age. By the 
beginning of the 3rd month the fimbriated end of the tube has retreated 
to the level of the 2nd lumbar segment. 

Genital Septum or Cord.— During the 3rd month the Miillcrian ducts 



FIG 462. Diaeram of the .UuUerian Ducta at tbc commeacemeot of the 3nl month. 

Veotta! view. 

show two distinct stages in their course : (i) Lumbar, which lies in the 
Wolffian ridge and is suspended from the posterior abdominal wall by 
the Wolffian mesentery. This stage afterwards forms the Fallopian 
tube (Figs. 461, 462). {«) Pelvic, which is embedded in the genital 
septum or cord in which the uterus and vagina are fashioned. The 
posterior ends of the AYolffian ridges, with their contents, the Wolffian 
and Mullerian ducts, fuse in the pelvis during the 8th week, the genital 
septum or cord being thus formed. With their fusion the peritoneal 
space of the pelvis is separated into a deep posterior part — the pouch of 
Douglas and a shallow anterior depr^sion — the utero- vesical. The parte 
of the Mullerian ducts within the cord form the uterus and vagina. 
The ureter is also enclosed within the mesodermal tissue of the genital 
cord, hut afterwards becomes separated from it. 

The genital cord of the foetus at the beginning of the 3rd month shows 
the two Mullerian and two Wolffian ducts— in the male as well as in the 
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female (Pig. 461). One of the first signs of sexual differentiation is to be 
observed in the genital cord. ^\Tiereas the genital cord in the male 
embryo is closely applied to the bladder, so that there is no utero-vesical 
pouch, in the female the cord remains separated from the bladder by a 
deep peritoneal pocket. 

The Round Ligament of the Uterus, which becomes apparent early in 
the 3rd month, is attached to the Mullerian duct on each side (Figs. 461, 
462). The point of attachment marks the junction of the uterine and 
Pallopian segments of the hliillerian ducts. The round ligament corre- 
sponds to the guhernaculum testis in the male and its development is 
sunilar. Both are developed in the manner described below. 

Plasticity of the Sub-peritoneal 3fesue. — Part of the Wolffian ridge is 
continued backwards as a peritoneal fold to the groin, this part forming 
the inguinal fold (Fig. 462). Within the inguinal fold and within the 
mesenteries of the AVolffian body and of the genital gland are contained 
inclusions of the subperitoneal tissue, which in the pelvic region of the 
abdomen is particularly rich in nonstriated muscle. We have seen the 
part which the subperitoneal tissue plays in the fixation of the organs 
and mesenteries in the upper region of the abdomen. It is endowed with 
plastic properties. This is more especially the case in the pelvic region 
of the abdomen — particularly -within the genital septum or cord, which 
affords a nidus for the development of uterus and vagina and of uterme 
ligaments. The inguinal fold contains an extension of the subperitoneal 
sheet. The mesodermal tissue, in the lower end of the inguinal fold, is 
continued through the abdominal wall external to the deep epigastric 
artery to the tissues of the groin from the first appearance of the 
abdominal wall. We shall see (p. 553) that we are dealing here with a 
structure of very ancient origin — one which is under the domination of 
sex hormones. At first the extension of the inguinal fold is represented 
merely by fine strands that traverse the tissue of the groin, but in later 
months increases in mass, and carries over it and in front of it, into the 
scrotum or labium majus, a process of the peritoneum and attenua.ted 
representatives of each stratum of the belly-wall (Fig. 494). The inguinal 
canal, the round ligament of the uterus and the gubemaculum testis are 
thus formed by the extension of the substance of the inguinal fold. 
From the stratum of muscular tissue which is found everywhere imder 
the pel-vdc peritoneum, particularly around the genital cord, are formed 
the round ligament of the ovary, the muscular tissue in the utero-rectal 
(utero-sacral) ligaments and in the broad ligaments and also the outer 
muscular coat of the uterus. 

Formation of Uterus and Vagina. — The parts of the Miillenan due 
lying side by side in the genital cord (Fig. 462) meet and unite ear y m 


tmOGENITAL SYSTEM 519 

tbe Sid month and by tbeir fusion the ntenis is formed and ultimately 
the -va^a too. In all the members of the vertebrate series below and 
vneludiiig the monotremes, the MlUlerian ducts remain separate and open 
m the cloaca {Fig. 463, A). The process of fusion may be arrested at 
any point ; it may cease when the upper vaginal segments have merged 
into each other — ^as in certain marsupials. Kert, the septum between 
thelowerorcervicalparfs of the uterinesegments disappears ; thelmman 



Fia 4fl3. EvoinUoa of the Human Form oT Cteruv 



Uterus then (2J months) resembles that of higher mammals (carnivora, 
etc.. Fig. 463, C). It may be arrested at this stage (uterus bicornis)! 
Lastly the upper part of the septum disappears (31 months. Fig. 4Gi). 
The fundus, which is the last part to d'v ' ' ' • ' ■ ° jg 

the highest primates, is quite well mt • ’. ■ ■ 

Tlie musculature [21} appears in the wall of the uterus, vagina and 
tubes during the 4th month, the inner or • ’ • . . ■ , 

the outer or longitudinal. Some time aft . ■ . 
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tiie musculature of the uterus, and the distinction between the two 
primary layers becomes obliterated. Glands begin to form in the 
uterine mucosa during tlie 4th month of foetal life and a little later the 
cervix becomes differentiated from the vagina (Fig. 465). At this time, 



no. 404. Showing the bilateral origin of the Uterus and Vagina. The positions at 
which parts of the septum may persist are indicated along the mid-line. 


too, the ovarian extremity of the Fallopian tube becomes wide and 
tnimpet-sbaped ; the mucous membrane within it becomes plicated. 
The fimbriae are then formed by the extremities of the phcae growing 



no. 465. Demarcation of the Vagina and Cervix from Body of the Uterus during the 
4th month (A), 5th niontli (JB), 6th montli (C), and 7tli month (D). (It. -»• 
Hunter.) ^ 


out at the ostium ahdominale. Secondary or accessory ostia may also 
be produced. 

By the 7th month (Fig. 465) the foetal uterus is divided into two parts, 
the cervix or lower segment and body or upper segment. The lower 
segment or cervix forms then two-thirds of the uterus ; its walls are 
thick and its upper part is lined by columnar non-ciliated epithelium, 
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containing racemose mucous glands. Its mucous membrane is arranged 
in palmate folds. 'The upper or uterine segment composes only a third 
of the uterus. It is lined by columnar epithelium, which becomes 
ciliated at the end of foetal life. At puberty the body of the uterus, 
instead of being half the size of the foetal cervix, becomes larger than it. 
The cervix takes no part in menstruation nor in containing the foetus ; 
its true function is imknown. The external os is formed at the junction 
of the vaginal cords with the uterine segments of the Mullerian ducts ; 
it becomes demarcated in the 5th month (Fig. 465). For some time after 
birth the body of the uterus actually undergoes a reduction in size [22] ; 
growth does not become marked until the 7th year. 

Metamorphosis ol the Vagina. — ^About the middle of the 3rd month the 
lower ends of the Mullerian ducts of the human embryo undergo a 
remarkable metamorphosis, first fully described by Berry Hart and 
reinvestigated by Prof. Wood-Jones [23]. During the 4th, 5th and 
6th months the human vagina is represented by an epithelial core or 
column (Fig. 465, A, B, C). The va^al core, which is bilateral in 
nature, proliferates and expands until the 7tb month, when the central 
mass breaks down and the cavity of the vagina is formed (D). There is 
still a question as to the origin of the vaginal epithelium. There are 
some who, like Prof. Wood-Jones, trace it to the Wolffian bulbs ; there 
arc others who derive it from the lining of the urogenital sinus; but the 
opinion which is best supported by evidence is that which derives it 
from the Mullerian bulbs (p. 517). If we accept the last-mentioned 
theory, then we must regard the vagina as a continuation of the Mullerian 
ducts. This much is certain ; the epithelium which lines the developing 
vagina is highly susceptible to the action of ocstrin ; so too is the 
epithelium which lines the urogenital sinus [24]. 

Why should the vagina undergo this strange metamorphosis t It is 
a means of bringing down the terminations of the Mullerian ducts so that 
they may open on the vulval cleft (Fig. 466). In a female human foetus 
of the 3rd month these ducts open high up in the dorsal wall of the 
urogenital sinus, a position which is permanent in many mammals, 
such as the rabbit. In the metamorphosis of the vagina wc are witnessing 
a means of transporting the end of the Mullerian tract to the ^’nlval 
cleft, the urogenital sinus being greatly shortened until it forms merely 
part of the ^^llval cleft. 

Atresia of the vagina results from a failure of the process of canaliculiza- 
tion. The bilateral elements of the vaginal cord may fail to fuse at one 
or more points, thus giving rise to septa within the vagina. Only the 
tip of the vagmal cord reaches and penetrates the wall of the urogenital 
sinusj hence a partial septum, the hymen, marks the opening of the 
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vagina into the urogenital sinus [25], The extent to which the terminal 
septum breaks down varies uddely ; hence the numerous forms assumed 
by the hymen. 

A remarkable example of the plasticity of the tissues of the genital 



FIG. 400. DlagraniB allowing the Termination of tlic Vagina about tlio Otli '''cek 
and about the 13th week (II). (After Wood Jones.) iUiiiicrian ducts (vagma 
and uterus) ; H, urogenital sinus ; C, bladder ; D, rectum ; E, vagina repre- 
sented by a cord of epitliclium. 


cord, with the formation of a new vaginal passage, is to be found m a 
discovery made by Prof. J. P. Hill [26]. In lower marsupials the vaginal 
segments of the Mullerian ducts are separable into two parts — upper, or 



Fig. 467. Diagram illustrating the manner in which theVaginal Cord or Plug is formed. 

(Wood Jones.) 

cranial, which lie side by side and reach towards the cloaca (Fig. 468) 
lower, or caudal, which form lateral loops before terminating in the cloaca 
Hill found that the young are born by passing from the upper or 
segments into the cloaca by the formation of a new ] " 
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marsupials lie found that the upper parts of the vaginal segments became 
fused to form a median vagina, and that the neTv passage to the cloaca 
was not temporary, as in lower marsupials, but permanent. In the foetus 
of the American oppossum the greater part of the lateral vaginal canals 
is formed by upgrowths from the urogenital sinus (R. K, Bums). In 
monotremes, the Mullerian ducts have to serve only for the passage of 
unhatched ova, but with the evolution of gestation the ducts, which 
could convey ova, were unfitted for the transmission of young, and a 
new passage or median vagina was formed. The evidence is conclusive 
that there was a phase in human evolution when the Mullerian ducts 
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Tio 403 Diagram ahOMlog th« arrangcineat of tbe niUIenan Duct la a Marsupial 
Mammal and the manner In which a Kew Vamns h formed for the pauage of the 
young at hirth (i’. Wood Jones aOer J. P. UiU ) 

terminated in a cloaca ; the metamorphosis of the vagina in the 4th 
and 5th months recalls a transformation of the same plastic nature as 
that which occurs in marsupials. 

Mullerian Dnets in the Male.— In the male foetus of the 3rd month the 
Mullerian ducts are imdergoing atrophy, the distinction between the 
testis and ovary being quite marked by this time, and the process of 
sexual differentiation recognizable on close examination. All that 
remain of the Mullerian ducts in the adult male are their fused terminal 
or vaginal segments forming the sinus pocularis or uterus masculinus 
in the prostate (Figs. 453, 469), Its depth is commonly about 3 or 4 mm., 
but occasionally such a form as is represented in Fig. 470 occurs and shows 
the real nature of the sinus pocularis. The vagina and uterus can be 
recognized in such cases. The fimbriated ends of the Mullerian ducts 
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persist as the sessile hydatids on the testicle (Fig. 453). The inter- 
mediate part of the tube disappears in the 3rd month and its site becomes 
greatly stretched during the descent of the testicle. A remnant of its 
upper end can be found in the sliarp anterior border of the epididymis 



Fig. 4C9. A section of the Prostate showing the Ilemnants of the Lower Ends of the 
JlUllerian Ducts in the Male. 

Fig, 470. A section of a Prostate allowing an unusually developed Uterus Mascnlinus. 

(After Primrose.) 

until quite a late period in foetal life. The mesosalpinx shrmks and 
completely disappears in the anterior border of the epididymis. In 
cases of imperfectly differentiated sex — so-called hermaphrodites— the 
Mullerian ducts assume the uterine form (see p. 559). Also they are 
sensitive to the action of oestrin (p. 521). 



Urogenital Sinus or Canal. — TFe Miillerian ducts open side by side into 
the ventral or urogenital part of the cloaca (Fig. 460), between and below 
the openings of the Wolffian ducts (Fig. 461). That part of the cloaca 
which serves as a common channel for bladder, Miillerian and Wolffian 
ducts is the urogenital sinus (Fig. .473, A, JB). In the female foetus of 
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the 3rd month it is still well marked. In some mammals this passage- 
like sinus is retained. By the beginning of the 4th month in the female 
foetus (Fig. 471, B) it will be seen that the urogenital sinus has become 



Tit). <72. Section jhowitfg the I’rofieoital Sinus In the WaJe Poetus, 
a iQillcates the part cocrespoadinf to the TesIco'vagfDal septum of the female, It is 
occupied by the Sid lobo of the prostate. 

shortened and opened out to form the floor of the pudendal or vulval 
cleft from the glans clitoris in front to the fossa navicuJaris behind, and 
thus the end of the Jliillerian ducts (vagina) and urethra come to have 



separate openings. The lining epitheltnm of the developing wogenital 
sinus is plastic in nature and is particularly sensitive to the action of sex 
hormones, especially in the female to that of oestrin. In the male 
(Fig. 472) the early foetal form is retained, and the urogenital sinus 
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bccbmes that part of the urethra which extends from the sinus pocularis 
in the prostate to the fossa navicularis in the glans penis. The female 
urethra corresponds to the prostatic part above the opening of the sinus 
pocularis of the male urethra. 

The Hymen is formed at the junction of the vagina vdth the urogenital 
sinus, being covered on its outer surface by epithelium derived from the 
urogenital sinus and on its deep surface by epithelium of the vaginal 
cord [27]. Usually at one point on the hymen, but occasionally at 
several, the epithelial coverings fuse and break dorni, leading to one or 
more perforations. On the other hand, the vaginal cords may not reach 
the urogenital sinus, the hjmen being then imperforate. In reptiles, as 
in the human embryo, the part of the urogenital sinus into which the 
Mullerian and AYolffian ducts open, forms the trigone of the bladder 
(see p. 544). In such animals the hymen prevents the reflux of urine 
into the Mullerian ducts. 
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[2G] Hill, J. P., Proc. Linn. Soc. N.8.W., IMarch 20, 1899, August 27, 1900. 

[27] Afterwards the lower surface of the h 3 'men becomes covered by vaginal 
epithelium (R. H. Hunter). 



CHAPTER XXVI 

UROGENITAL SYSTEM (continued) 

X 

Evolution ol the Penis— The transformation of the mesonephros to 
form an adjunct of the genital system of the male, which we have been 
considering, is of ancient origin, hut those remarkable changes which 



ate seen to occut in tbe peiinenm of the human embryo, and which we 
are nowgoing to consider,represent a much later evolutionary movement. 
Even in the lowest mammals, raonotremes and marsupials, the tectum 
and urogenital ducts end in a common terminal passage — the cloaca 
(Fig. 474, B]. In the human embryo, until the 7th week of clevelop- 
529 
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ment, this is also the case ; but about the beginning of this week, when 
the embryo is 12 mm. long, changes occur which separate the rectal 
and urinary passages. These changes have been occasioned by the 
evolution of an external or extra-cloacal penis [1]. In Fig. 474 stages 
in the evolution of the penis are represented. In the tortoise the penis 
lies on the pubic ,or ventral wall of the cloaca ; during copulation the 
cloaca is partially everted and the open groove of the penis is converted 
into a canal by the fipplioation of the dorsal or opposite wall of the 
cloaca. In Echidna, a primitive mammal, the penis is still intra- 
cloacal ; its groove is converted into a canal; except posteriorly, where 
there is still a communication between the iwogenital and cloacal 
passages — which represents the primitive urogenital orifice, for the penile 
canal is a new passage (Fig. 474, J5, 6). In marsupials (Fig. 474, C) the 
penis is still partially intra-cloacal, but the primitive urogenital orifice 
is closed and the urogenital passage is now separated from that which 
serves for the faeces. In man the pern's, as in all primates, has been 
permanently extruded and is now completely extra-cloacal, and a peri- 
neal body separates the rectal orifice from the urogenital passage. The 
metamorphosis of the cloaca is thus a result of the evolution of the penis. 
The external penis Avith a complete penile urethra appears with the 
evolution of a vagina, uterus and the intrauterine nourishment of the 
young. The cloacal passage is seen in o^dparous mammals ; in viviparous 
mammals the penis is evolved as an intromittent organ, and the urogeiiital 
passage is separated from that of the rectum. 

Twofold Origin of the Cloaca. — ^The primitive cloaca, as represented in 
Fig. 474, A, is of double origin, the deeper part in which the rectmn and 
urogenital sinus end is derived from the hind-gut and is thus of endo- 
dermal origin. The more superficial part, enclosed by the cloacal lips, 
arises as a perineal depression and is thus of ectodermal origin. Students 
of embryology, however, when they speak of cloaca have in mind only 
the part derived from the hind-gut — the endodermal cloaca. The 
development of the perineal region cannot be understood unless it is 
remembered that both ectodermal and endodermal elements play a part 
in fashioning the anal and vulval orifices of the human embryo. 

Cloaca of the Embryo. — Having in the previous chapter traced the 
origin and fate of the genital ducts, it is now necessary to follow the 
changes which are undergone by the cloaca — the common vent for the 
rectum and genital passages [2], We have already seen that the cloaca 
appears early in the 4th week (Fig. 322), its precocious origin being due 
to the fact that' it gives rise to the allantois, by means of which the 
chorionic circulation is established. Thus in the 6th week (Fig. 478, A), 
the cloaca forms a relatively large cavity, into which open the rectum 
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and allantois, while the Wolffian duct is also establishing a communica- 
tion with its more ventral part. At this time the outline of the cloaca, 
as seen on making a median scctioh of the embryo, is triangular in shape ; 
its dorsal wall follows the curve of the notochord to the point of the tail ; 
a large part of its ventral wall is formed by the cloacal membrane (Fig. 
478, A), which is composed of only the two primitive layers, the endo- 
derm which lines the cloaca and the ectoderm which covers the embryo. 
It ^vill be remembered (see p. 55) that the hinder end of the embryonic 
body is produced on each side of the primitive streak. The cloacal 
membrane represents the hindmost part of the primitive streak, which 
has been thr^t into a ventral position by the outgrowth of the tail 
(Fig. 475). During the 4th week and also for the greater part of the 5th, 
the hinder end of the body represents its growing end ; it may be spoken 



of as the rump bud (Fig. 40, p. 50). As the bud grows and differentiates 
it carries baclovards not only the spinal cord, vertebrae and spinal 
muscles but also the cloaca. In this way it comes about that the hinder 
apex of the cloaca extends beneath the tail and behind the cloacal 
membrane and forms that transitory structure known as the tail gut 
(Fig. 478). In the 4th week the cloaca has no perineal opening ; this 
opening is first established near the end of the 2nd month by an absorp- 
tion of the cloacal membrane. Wc have seen that the cloacal membrane, 
at a very early stage of development, extends on to the wall (ventral) 
of the allantois (p. 54). 

Evolution ol Cloacal Structures. — ^To understand the significance of the 
changes undergone by the cloaca in the human embryo, one must have a 
clear conception of the varimw evolutionary stages knoum to the com- 
parativc anatomist. We have already seen that some of these changes 
are related to th^difierentiation of an external penis ; it is now necessary 
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to see how the cloaca becomes modified to assume its mammalian and 
hmnan form. The essential stages arc represented in Fig. 476 ; in the 
frog (A) the cloaca receives the bladder, rectum and Wolffian ducts, the 
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Vertebrates. A, the amphibian form ; 1, bladder; 2 . Wolffian duct (i^eteranu 
vas) ; 3, cloaca ; 4, rectum ; 5, intra-cloacal anus ; 6, cloacal ^mce , . ■ 

Mullerian duct ; JB, form found in the tortoise ; G, form in monotremes , V, 
found in female marsupial. 


lucts opening distal to the rectum, being thus nearer the cloacal ven . 
n the tortoise {B) the rectum has passed distal to the Wolffian uc^ 
srhich now open with the bladder into a common part of the cloaca 
he urogenital sinus (Fig. 476, B, u.g.). In the lowest 

nonotremes (C), the urogemtal smus has become elongated and a 
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the fotm'of a urethra ; the ureters are now severed from the Wolffian 
ducts, but still open on the floor of the urogenital sinus ; the urine thus 
has to pass across the urogenital sinus to reach the bladder. In 
marsupials (JD) a further stage is reached ; the opening of the rectum 
has migrated backwards on the posterior wall of the cloaca until it almost 
reaches the perineum. This posterior migration of the rectal opening 
(anus) is already seen in Echidna (C), where the urogenital sinus— which 
represents the proximal part of the cloaca — ^has assumed a considerable 
length. Thus in the evolution of mammals we see that the rectum 
migrates backwards until its vent or anus almost reaches the surface of 
the perineum, leaving the greater part of the cloaca as the urogenital 
sinus. 

Ectodermal Cloaca, — ^The forms of cloaca depicted in Fig. 47G are not 


cloacal sept, imperfect 


-rectum 



anal plate 
''anal dep. 

vagina^ perineal sept not united 
to cloacal sepia. 


FlQ. 477. Case of a Female Child In vhich tho Rectum opened on the Vestibule nhile 
the Normal Anus remains closed by the Anal 1‘late I he opening on the vestibule 
jepresents the ancient cloacal onDce of the rectum 


entirely derived from the gut or cndodermal cloaca, which is seen in tho 
human embryo. The terminal or superficial part is derived from a 
cloacal depression or pit formed on the perineum, and lined by epithelium 
derived from the ectoderm. The glons of the penis and also of the 
clitoris are formed in the ectodermal part : the rest of the penis and 
clitoris is developed in the cndodermal part (Fig. 474). We have already 
seen how the urethral groove of the cloacal penis becomes closed off 
as a separate channel by the union of two vestibular folds — seminal 
guides Prof. Wood-Jones has named them— the penile urethra being 
thus enclosed. In Echidna (Fig. 474, B) one sees that the urethra is 
made up of two parts— an upper derived from the urogenital sinus and 
a lower or penile from the channel enclosed by the lateral vestibular 
folds. At the junction of thc.se two parts of the urethra there remains 
a communication between the urogenital sinus and the cloaca which 


534 


HUMAN EJIBEYOLOGY AND MORPHOLOGY 

rcjiresents tlie primitive opening of tlie urogenital sinus (Fig. 474, B). 
In marsupials tlie primary urethra (urogenital sinus) and secondary or 
penile urethra have united by the closure of the primitive opening of 
the urogenital sinus, and thus the passage for the urine and semen 
becomes completely separated from that for the faeces. The rectum is 



G 
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FiQ. 478. Showing the manner In which the Eectum becomes separated ftom the 
Urogenital Sinus (endodermal cloaca) during development of the Human^mory . 
A, Human embryo of 5th week, 4 mm. long (after Keibel). n, From nuraau 
embrs'o of 6th week, 11 mm. long (after Keibel). C and X>, Later stages u _ 
and 9th weeks) of development : 1, bladder ; 2, \rolfflan duct (ur^r ana > , 
3, endodermal cloaca ; 4, rectum ; 5, anus ; G.-Bf., cloacal membrane , 
urogenital sinus ; a, urorectal septum ; ** limit of the perineal depression 
dermal cloaca). 


detached from the urogenital sinus and opens directly into the ectodermal 

cloaca. _ • . . 

Differentiation of the Human Cloaca. — ^We are now in a position 
interpret the changes which occur in the human cloaca during the t , 
6th and 7th weeks of development (Fig. 478). In the 5th wee t e 
rectum ends proximal to the Wolffian duct as in the frog ; m the 
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week the cloacal orifice of the rectum has moved backwards, leaving 
the proximal part of the cloaca as the urogenital sinus, a condition 
similar to that seen in Echidna (Fig. 476, C). As in that animal, the 
Wolffian ducts and ureters open close together in the sinus. During 
this migratory period the embryonic rectum is ensheathed within rapidly 
growing plastic tissue ; the movement is one of growth [3], The 
appearance presented by the backward migration of the rectal orifice 
is exactly the same as if the cloaca had been divided into rectal and 
urogenital cavities by the urorectal septum marked “ a ” in Fig. 478, 
B, G. In the 7th week (Fig. 478, G) the rectum, having reached the 
anal part of the cloacal membrane, forms a new opening, the former 
opening into the cloaca becoming closed (Fig. 478, D). But as we have 
seen (Fig. 477), the cloacal anus may persist and the true anus fail to form. 

Here we must note an important change which takes place in the 
ventral wall of bladder and urogenital sinus between the 5th and 6th 
weeks (Fig. 478, A, B). In the 6th week this ventral wall is formed by 
the cloacal membrane ; in the 6th the membrane is invaded from the 
right and from the left by ventral mesoderm in which, at a much later 
date, the symphysis will be formed. Already in the 6th week (Fig. 
478, B) the ventral mesoderm is growing out into an eminence (the 
genital eminence) at the ventral end of the ectodermal cloaca, carrying 
with it an extension of the urogenital sinus. In the two following woela 
the ventral extension of the urogenital sinus becomes more and more 
marked. The ventral or forward extension of the sinus forms the 
lining for the penile urethra of the male and the covering for the vestibule 
in the female. The cloacal membrane on the floor of this pemle exten- 
sion of the cloaca breaks down towards the end of the 7th week and the 
urogenital sinus thus presents a fissurc-Iike opening on the perineum. 
The fissure corresponds to the groove on the open urethra of the tortoise 
(Fig. 476, A). 

On each side of the perineal fissure, which' opens into the floor of the 
urogenital sinus, there appears, towards the end of the 7th week, a fold 
the inner genital fold, forming the lateral lip of the cloacal or urogenital 
orifice [4]. It is important to note how these folds end behind. They 
end in the lower margin of the urorectal septum, which at this time 
(7th week) has reached the perineum (Fig. 478, G). The posterior ends 
of the right and left folds unite to form a commissure or fourchette. 
Thus the orifice of the urogenital sinus in the perineum is bounded 
behind and laterally by the inner genital folds and anteriorly by the 
genital eminence on which they end. As the genital eminence or 
tubercle grows forward, the orifice of the sinus is also advanced ; in this 
way the floor of the male urethra is formed. If the backward migration 
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of the rectum is arrested, then the ancient cloacal anus is retained, 
opening in the urethra of the male or vestibule of the female (Figs. 
477, 479). It will thus be seen that in the human embryo the rectal 
orifice migrates backwards until it opens in the posterior part of the 
perineal depression (ectodermal cloaca), leaving the whole of the 
endodermal cloaca of the embryo as a urogenital passage or urethra. 
All these changes take place diu-ing the latter part of the 2nd month. 

Formation of the Perineum. — ^By the end of the 7th week the termina- 
tion of the foetal rectum lias rcjiched the hinder end of the external-cloaca 
and, at the same time, the urorectal septum (Fig, 478, G, a) comes in 
contact and fuses with the cloacal membrane. We have seen how the 
lateral mesoderm invades the anterior part of the cloacal membrane to 



Fig. 479. Section of Pelvis of a Male Chad sliowing tlie Ilcctum ending in tlie Prostatic 
Part of the Urctlira. A, hiadder; i?, rectum; C, recto-vesical pouen ; ^ 
uterus masculinus; E, intra-cloacal amis; F, prostate; G, anal depression 
(ectodermal) ; //, external and internal sphincters ; I, Couper s gland. 


form the pubic region and genital eminence. There is a similar meso- 
dermal invasion of the lower margin of the urorectal septum .and o 
the cloacal membrane with which it has fused, and thus the hinder part 
of the external cloaca, with its plug of ectoderm, is cut off by the 
formation of the perineal body (Fig. 478, D). 

Malformations of Rectum and Anus. — ^In Fig. 479 one of the commoner 
malformations of the rectum is depicted in a male child. The rectum is 
seen to terminate in the urethra just distal to the sinus pocularis, whic 
represents the uterus and vagina of the female. The rectum has retaine 
its ancient cloacal orifice, or we may say there has been a failure in the 
migration of this orifice. Nevertheless a -normal anal canal has been 
formed, showing that the developmental tissues in the posterior part o 
the external cloaca can act independently of the rectal tissues, for one 
might conceive that the one acted on the other as an inducing agen . 
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Nor has the arrest of descent of the rectal termination interfered vnth 
a normal formation of the perineal body. 

In Figs. 477, 480 an exactly similar condition is represented in 
female infants. The rectum opens in the male below the orifice of the 
uterus masculinus, in the female at a corresponding point below the 
orifice of the vagina. The urorectal septum and inner genital folds in 
the female form merely the perineal body, which separates the terminal 
part of the rectum from the vulva ; in the male they form the floor of 
the urethra and perineum from the^sinus pocularis to the lacuna magna 
in the glans penis. The terminal part of the male urethra, as we shall 
see presently, has a separate origin. The downward migration of the 
vaginal orifice in women brings tbe cloacal opening of the rectum into 



Tia 480 Section of Pelvic of Female iDfeot, showing the Ilectum opening into the 
Navicular Poasa of the Vulva A, blailuer, I/, rectum, C, recto-uterine fold. 

D. lymphyaia , E, vulval anus , F, cervix ; O, anal depression (rarely present 
^en rectum opens in vulva) ; II, urethra . I, cUtons , A', hymen , L, Labium 

the vulva — the roof of the vulval cleft being a derivative of the urogenital 
sinus. In many cases of imperforate anus (Fig. 481) the cloacal anus 
is closed and the rectum terminates an inch or more from the anal 
depression. In other cases merely a thin septum separates the anal 
depression from the termination of the rectum. In extreme cases, which 
are by no means rare, no anal depression is formed and the sacral part 
of the rectum is absent. 

There is some confusion as to bow much of tbe anal canal is formed 
from rectum and bow much from anal depression. As may be seen from 
Figs. 479 and 480, certain vertical folds areformed in tbe wall of the anal 
depression. At the upper end of these anal folds, which are scarcely 
recognizable in the fully developed anal canal, are developed certain 
valve-hke folds of mucous membrane, the anal valves. The internal 
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sphincter is developed round the lowest part of the endodermal rectum. 
Above the valves are the well-marked columns of Morgagni formed in 

the rectum. The valves mark the junction of the rectum with the anal 
depression [5], 

External Genital Organs and Perineum. — That the interpretation just 
given of the embryological parts entering into the formation of the 
rectum and urethra is right is seen when the development of the external 
genital organs is traced. The stages in the development of the human 
urethra, penis and scrotum during the latter part of the 2nd month and 
earlier part of the 3rd are shown in Fig. 482. Stage I represents the 
condition seen in the perineum about the end of the 8th week [6]. 
The circular fold A . — cloacal fold [7] it may be named, represents the 
opening or margin of the primitive (ectodermal) cloaca. Within its 


Fio. 481. A case of Imperforate Amis in wliicli tlie Rectum lias been arrested in its 
miration from the Cloaca to the Perineum. 

anterior or pubic fornix is rising up the genital eminence to form the 
penis or clitoris — according to sex, for at this time the external parts of 
both sexes are alike, although the ovary is being differentiated from the 
testicle. There is a groove or furrow on the under or cloacal aspect of 
the genital eminence, as on the cloacal penis of the tortoise ; it repre- 
sents the roof of the penile urethra, and leads backwards to the urogenital 
sinus. The folds at each side of the furrow {a, a) are the vestibular or 
inner genital folds which form the penile urethra in Echidna. .In Stage 
II (Fig. 482), reached during the 9th week, two further changes are seen 
in progress. The inner genital folds (a, a) are now united behind in the 
urorectal septum, thus helping to separate the anal part of the ecto- 
dermal cloaca (perineal depression), in which the rectum now terminates, 
from the anterior urogenital part. The cloacal or outer genital folds 
[A, A) are still well marked, but it is apparent that the genital eminence 
and its attached folds are being extruded from the cloaca. In Stage HL 
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reached by the end of the 9th week, a condition is represented which is 
common to both male and female foetuses. 

In Stage II the anus still lies witWn the cloacal folds ; in Stage III it 
protrudes and is being separated from the urogenital orifice by the 
formation of the perineal body. In Stage III the inner genital folds are 
seen (Fig. 482, III) to meet behind in the perineal body, where their free 
margin forms a semilunar fold— the primitive fourchette. Anteriorly 







the folds unite on the perineal aspect of the glans. Between the folds 
opens the penile urethra ; the opening between the folds is the orifice of 
the urogenital sinus ; it represents the primitive meatus of the penile 
urethra. On the under or perineal aspect of the glans a depression (the 
phallic groove) packed uith an ectodermal plug is also present ; it forms 
the part of the urethra within the ghns. Stage IV represents a condition 
peculiar to the male. A median raphe or suture is now seen extending 
from the anus behind to terminate anteriorly in the inner genital folds. 
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The orifice of the urogenital sinus (the part wliich forms the male uretlira) 
has grown forwards and is now well advanced towards the glans penis. 
The median perineal raphe is caused by a fusion of the peculiar tissues 
of the cloacal or outer genital folds. The outer folds do not grow over 
and submerge the inner and so meet in the mid line. What happens 
is this : the mesoderm of the outer folds invades the fourchette or 
coramis-surc in which the inner genital lips meet behind. As the four- 
chettc is advanced towards the glans the invasion from right and left 
outer folds becomes more extensive ; the line along which the invading 
tissues meet is marked by the median raphe, which in Fig. 482, IV, is 
seen to extend from the anus behind to the orifice of the urethra in front. 


A 8 

Fia. 4S3, 

A. A coronal section of the Scrotum of a Male Foetus of 3 months to show the manner 
in which the Median Ilaplic is formed. (Sloszkowicz.) The arrows show tne 
direction taken by the invadinp mesoderm, a, deep scrotal tissue ; o, supernciai 
tissue ; Stm. V-, sympliysis pubis ; C. cav., corpus cavernosum ; C. spong., corpus ■ 
spongiosum ; Scrot., scrotum. 

S. Coronal section of the Glans Penis and Prepuce of a Male Foetus of 10 'we^_. 
(Popper.) ttr. fold, urethral fold (the arrows show direction of tbeir unionr,. 

Jmc. mag., lacuna magna ; epith., cpitliclium between glans and prepuce. 

Out of the outer folds, fused in the manner just described, is formed the 
scrotum. There is no such invasion and fusion in the female and hence 
there is no median raphe. In the female the outer folds remain apart 
and form the labia majora [8J. 

By the end of the 3rd month the process of union which gives rise to 
the perineal raphe extends to the glans, and in this way the prunitive 
meatus is closed, the terminal parts of the vestibular folds (urethral 
folds, Fig. 483, B) forming the fi’aenum of the prepuce. Thus the anterior 
parts of the vestibular folds unite right up to the fraenum of the prepuce, 
and enclose the male urethra. In Stage IV (Fig. 482) the margins of 
the phallic groove on the glans have united ; the plug of epithehum 
within the groove breaks down. In this way the urethra is completed 
and a meatus established on the glans. In Stage IV the preputia 





UKOGENITAL SYSTEM 541 

hood of shin is seen in process of formation. It is directly continuous 
with the anterior ends of the folds surrounding the primary meatus. It 
does not rise up as a free fold ; the epithelium on the deep surface of 
the hood adheres to that on the glans, and hence when the glans is fully 
formed in the 4th month, the prepuce is tightly bound to it until a week 
after birth [9]. 

Hypospadias. — It is not unusual to see cases in which the process of 
urethral development has been arrested. In the female a complete 
arrest in the formation of the penile urethra is normal ; in indi\’iduals 
with imperfect difierentiation of sexual glands (usually imperfect males) 
the process is also arrested at an indifferent stage (Fig. 483, III). Fig. 
484 represents three conditions of hypoqiadias due to arrest of develop- 
ment at the terminal stage. In A the phallic groove is unclosed ; the 
urethra opens at the primary meatus ; the folds bounding the meatus 



represent the anterior ends of the vestibular folds. In B the primitive 
meatus is unclosed, but the phallic groove is converged into a canal ; in 
C, the commonest type, the primitive meatus is open and the phallic 
groove has remained uncanalized [10]. 

External Genitals of the Female. — la the female the parts retain 
closely the early foetal form represented in Fig. 485. The genital tubercle 
becomes the glans clitoris. In the genital eminence — of which the 
tubercle is merely the summit — the corpora cavernosa develop. The 
vestibular or inner genital folds form the labia minora, the prepuce and 
fraenum. By the junction of the inner genital folds within the uro- 
genital depression behind, the fourckette is formed. Thus the opening 
into the urogenital sinus (primitive meatus) is bounded by the fourchettc, 
labia minora and fraenum of the prepuce. In the lateral folds, or labia 
minora, are developed the bulbs of the vestibule. After the 3rd month 
the external genital (cloacal) folds become prominent around the uro- 
genital depression and form the labia majora. The tissue within them 
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is derived from the ‘‘ pubic apron ” (see p. 553). They arc united above 
the clitoris and form the mons veneris. Their posterior extremities 
fade avay posteriorly (Eig. 482). After the 3rd month the external 
genital parts undergo a change directly opposite to that which takes 
place in the male. The primary meatus and penile urethra open up and 
form the vestibule, into which open urethra and vagina. When we 
come to consider the case of those indi^nduals in whom the sexual organs 
are imperfectly differentiated we shall see that in their development all 
structures concerned in reproduction are dominated hy the male and 
female hormones, the final form being determined by which of these 
two hormones is dominant [11]. 

External Grenitals of the Male. — ^In the male, at the end of the 2nd 
month, the iimer genital folds corresponding to the foiircbette and labia 
minora grow forwards as a crescentic shelf, thus closing the mogenital 



■genital tubercle 
outer fold 
genital fold (inner) 
urogenit dep. 


ana! depression 

Fig. 4S5. Diagram sliomng tlie indifferent stage in the development of tlie External 
Genitals 'Witli the terms usually applied. The outer fold represents the cloapi 
or outer genital fold ; the inner genital fold the anterior parts of the vesriouiar 
fold ; the urogenital depression or eleft, the primary meatus (see Fig. 482). 


cleft and forming the floor of the penile urethra [12]. ^Yhile the floor 
of the penile urethra is formed thus, its roof, corresponding to the 
vestibule of the female, is derived from the forward prolongation of the 
cloaca (see Fig. 478), The erectile tissue in the inner genital folds, 
which becomes included in the bulbs of the vestibule in the female, is 
incorporated in the corpus spongiosum in the male. The corpora 
cavernosa are formed in the genital eminence. The anterior part of 
the corpus spongiosum is formed separately in the apical part (glans) of 
the genital eminence. The corpora cavernosa are developed by the 
enlargement of capillary vessels of the body of the genital eminence 
during the 4th month. The part of the urethra within the glans is the 
last part to be formed, and its development, as we have seen, is peciffiar 
(p, 540). The part of the urethra within the glans becomes canaliculixed 
a short time before birth. The fossa navicularis and lacuna magna 
occur at the jimction of the part of the urethra formed in the glans an 
the part formed from the urogenital sinus [13]. 
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The scrotum is formed during the 3td month by the union of the 
tissues contained in the external gemtal folds (labia majoxa of the 
female) ; the raphe which marks this union extends from the fraenum of 
the prepuce in front to the anterior mat^ of the anus behind (see p. 640, 
Fig. 482, IV). 

Terineal Muscles.— From what has been said regarding the cloaca, the 
evolution of the muscles of the perineum from the sphincter of the cloaca 
wiW be readily understood. The sphincter in cloacal vertebrates 
surrounds the part of the cloaca (perineal depression) formed from 
ectoderm ; it is a striated muscle. At the end of the 2nd month this 
muscle is apparent in the cloacal fold of the human foetus (Fig. 486, A). 
It is at this time, too, that the permcal body is formed in front of the 
anus by a bilateral invasion of the meswlerm *, with the invasion the 



(B) 

Fig 496 Stages In the E\oIu((<)b of the Perineal Musculature. (After Popowsky.) 

A., aplitucter of the cloaca in (lie 2n<I month , h, its (tiviiiOQ at the beginning: of 
the 3rd month ; C, its coudHlon to Ihe male foetus at the end of the 3rd month 

cloacal Sphincter becomes divided into anal and urogenital parts (Fig. 
486, B) [14]. The sphincters of the urogenital passage and amis fuse 
in the perineal body. A part of the urogenital sphincter obtains an 
attachment to the ischium and forms the ischio-cavemosus (erector 
penis) ; another strand, the transversus perinci. "With the formation 
of the urethra in the male, the sphincter of the urogenital passage is 
carried forwards on the bulb and forms the biilbo-cavcmosus ; in the 
female it remains as the sphincter vaginae, A deeper and older part 
surrounds the upper part of the urogenital sinus, and becomes the 
constrictor urethrae (see p. 615). 

Origin oi the Bladder.— In amphibians the bladder is a diverticulum of 
the cloaca. In the embryos of reptiles, birds and mammals its apical 
part undergoes a marvellous tiansforroation during development, to 
form the allantois ; part lies outside the body ond is lost at birth, part 
remains withm the body to form the urachus and all the bladder except 
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the trigone. By a downward migration of the orifices of the Wolffian 
and Mullerian ducts, the upper part of the urogenital sinus, retaining 
the insertion of the ureters, becomes the trigone of the bladder and supra- 
genital jDart of the urethra [15]. 

Urachus. — ^A\Tien the body-stalk becomes elongated in the -formation 
of the umbilical cord, the part of the allantoic ca\dty within it is 
obliterated. The part of the allantois -within the abdomen, stretching 
from the umbilicus to the apex of the bladder, becomes the urachus, a 
fibrous cord, in which all trace of the allantoic ca^^ty is usually lost. 
Occasionally traces of the ca-\dty may remain and form urachal cy'sts [16], 
or it may remain open throughout, so that urine escapes from the bladder 
by a fistula at the umbilicus. The urachus lies behind the linea alba. 



Fig. 487. 


A. A section to show the condition of parts in Ectopia Vesicae. 

B. Section of the Pelvis of an Embrj-o (5th ■week) to show how the condition is probably 

produced. 

embedded in the subperitoneal tissue and flanked on each side by the 
umbilical artery. In the 7th month the apical part of the bladder is 
attached by a mesentery to the anterior wall of the abdomen ; later t e 
mesentery disappears (Broman). 

Bladder at Birth. — ^At birth the bladder is elongated and fusiform m 
shape, with a small trigone. The capacity of the true peMs is relative y 
less than in the adult ; hence the greater part of the bladder is supra 
pubic in position. . 

Ectopia vesicae . — This condition is shown diagrammatically m 

4:87, A. The anterior waU of the bladder and roof of the urethra and t e 

parts of the belly- waU in front of these are absent ; the trigone, floor o 
the urethra and posterior waU of the bladder ^e flush and continuo^ 
with the beUy-wall. The opposite halves of the symphysis pubis remam 
apart. Dr. Florian’s researches have shown that the cloacal membrane, 
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which represents the original orifice of the cloaca, extends on to the body- 
stalk during the 4th week of development (see Fig. 45, p. 55). Normally, 
the part of the cloacal membrane which lies along that part of the allantois 
which becomes the bladder (Fig. 487, B), is obliterated by the ventral 
mesoderm on each side, which invades the membrane and thus forms 
the infraumbilical part of the abdominal wall as well os the genital 
eminence— m fact, all the tissues in the mid ventral line, between the 
urethral meatus and the umbilicus. If this process of fusion along the 
median line fails, then we have the condition seen in ectopia vesicae. 
If we accept the primitive streak — of which the cloacal membrane is 
the hindmost part — as the representative of the blastopore or primitive 
mouth, then ectopia vesicae reproduces an extremely remote ancestral 
condition [17]. In some cases the cleft lays open not only the bladder 
but also the mid-gut [18]. 

Musculature of the Bladder, Urethra and Rectnm. — Seeing that the 
rectum, allantois and cloaca are continuous in the embryo one would 
expect that the musculature of the parts should show traces of this 
contmuity. Prof. F.^Vood-Joncs found: (t) that the band of musculature 
which passes from the front of the rectum to be lost in the tissue behind 
the membranous urethra is a remnant of the recto-cloacal communica- 
tion in the embryo (Fig. 479) ; (tt) that the circular muscular coat of 
the urethra is contmuoua above with the sphincter and circular coat of 
the bladder, and below it becomes continuous with the striated fibres 
(constrictor urethrae) sunounding the membranous urethra. The latter, 
however, are not developed from the musculature of the urogenital sinus, 
but from the sphincter cloacae (Fig. 486). 

The prostate [19] is developed by outgrowths of the endodetm lining 
the upper part of the urogenital sinus and firom the mesodermal tissue 
surrounding the sinus. It consists of glandular tissue and stroma. 

(i) The glandular tissue is composed of tubular glands which open 
into the prostatic part of the urethra. They are developed in the 4th 
month, as a series of solid buds, about 60 in number, from the epithelium 
lining the upper part of the urogenital sinus (Fig. 488). The buds, which 
soon become tubular, arise from a right and left longitudinal furrow oi 
fold of the wall of the sinus between which the IVoIffian ducts open. 
The prostatic furrows reach upwards above the Wolffian openings, and 
that of the uterus masculinus, into the purely urinary part of the smus 
and downwards into the part which serves as a common passage for the 
semen and mine. These segments of the sinus become the upper and 
lower pans of the prostatic urethra. The buds from the right and left 
furrows form two lateral masses Or lobes. Besides the two lateral lobes 
there are three other outgrowths. One of these constitutes the 3rd 
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or mterme^ate lobe ; its tubules arise from tbe dorsal or rectal wall of 

? f (proximal to) the openings of the ejacu- 

latory oJfljan) ducts. They grow towards the internal meatus and 
ngone of the bladder. A fourth group of glands— the posterior-also 
arises roin t e orsal or rectal wall of the sinus, but from that part 
w ch lies below (distal to) the openings of the ejaculatory ducts. The 
pos erior group of glands occupies the whole of the aspect of the prostate 
cc e towar^ the rectum. Lastly, a fifth group arises from the 
an nor or pubic side of the sinus ; this group serves to unite the lateral 
lobes on the pubic or anterior aspect of the urethra. This outgrowth 
ma 'es up the anterior commissure of the prostate, which is formed only 
in ^an and in the great anthropoids. Not all the glandular outgrowths 
reach the surface of the prostate; many of those of the lateral lobes 
remam in the periurethral tissue. New’’ tubules continue to be formed 
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Fig, 4S8, A diagram to show the position at wliicli tlie Prostatic Tubules arise. 


throughout childhood and especially at puberty, when glandular alveoli 
are developed. The use of the prostatic secretion is unlmo'wn. The 
prostate seems to have been evolved out of the glands of the reptilian 
cloaca. 

Skene’s tubules, which open into the urethra of the female, represent 
prostatic tubules. A reference to Figs. 479, 480 will show that the female 
Urethra corresponds to the upper prostatic urethra of the male and that 
Skene s tubules correspond to the upper prostatic tubules of the male. 

(u) Stroma of the Prostate . — YTiile the glandular tubes arise in 
linear groups from the epithelium lining the urogenital sinus, the muscular 
and fibrous elements are 'derived from the mesodermal tissue of the 
genital cord in which the terminal parts of the Wolffian and Mullerian 
ducts are situated (Fig. 461) and from the circular musculature of the 
urogenital sinus. "When the glandular elements grow out they become 
embedded in and carry before them the circular musculature of the 
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urogenital ainus which thus forma the muscular cortex or inner capsule 
of the prostate (Fig. 490). Probably the stroma of the genital cord also 
contributes to the musculature of the prostate. The musculature of the 
uterus, which is also developed from the genital cord, like that of the 
prostate, is liable to become the seat of Hbromyomatous growths in the 
later years of adult life. 

As regards die nature of the prostate [20] : («') It is purely genital, and 
develops only in the rutting season in such mammals as manifest a 
seasonal sexual life. Its development in the female is arrested at a very 
early stage — due to the inhibitory action of the female (oestrogenic) 



hormone. Certain epithelial elements of the prostate, particularly those 
which line the uterus mascubnus and the neighbouring tubules of the 
intermediate lobe, are in a hyperplastic state at birth, due to the action 
of the female (oestrogenic) hormone derived from the maternal circula- 
tion (Zuckerraan). The rapid proliferation at pliberty is due to the 
action of the male (androgenic) hormone, (it) It remains comparatively 
undeveloped until puberty. At the age of 7 it weighs only 30 grains ; 
after sexual life is established it weighs about 300 grains, (m) The 
healthy prostate atrophies if castration is performed, but this operation 
has no efloct on glands which have become pathologically hyper- 
trophied [21]. In one man out of three over 55 years of age the prostate 
hj'pertrophies, both the glandular and fibro-muscular elements partici- 
pating. Hypertrophy of the metUan part causes a valvular elevation 
behind the vesical opening of the urethra. 
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Glands of Cotrprr and liarlholin arc ])rod»iC{:(l as solid buds from tk 
cndodcnnal liniiigof thcj)(;niloox(oiision of thcuro"cnitalsmus(Fig.48S). 
Hence in tlie female tlic dnefsof Bartholin’s glands open in the vulval 
cleft just outside the hymen at each side of the vagina, for the hymei 
marks tlie junction of the IMiillcrian ducts with the urogenital sinm. 
In the male the ducts of Cowj)er’s glands open in the bulbous part of tk 
urethra (Fig. <180). TJic function is unknown, but it is certainly seinal 
in nature, for these glands ;itrophv after castration. The numerous 
glands of Littn'-, like Cowpers niul Bartholin’s glands, are produced by 



Fig. 490. DiaRrammatlc socUon of the Bladder and Urethra of a Gth-nionth 

to show (1) the development of the Prostate. (2) the relationship of the Prostai 
Musculature to that of the Urethra and Bladder. (Wood-.rones.) 

tubular out^owths duriug the 4th month (Fig. 489). In the male the 
glands of Littre are produced most numerously along the dorsal aspeo 
of the urethra. 

Round the anus, and especially in the furrow between the labium 
minus and majus, groups of large peculiar sebaceous glands are produce 
in the 4th and 5th months, corresponding to the anal and preputial 
glands of ma mm als. Occasionally two groups of sebaceous glands 
occur on the prepuce of the male, especially if hypospadias be present 
(Shillitoe). Glands round the corona of the glans penis ( Tyson’s glands) 
are only very exceptionally present. 
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[6] For development of the external genital organs, see Spaulding, M. H., 
Contnb. Emb., IMl, 13, 69; Wilson, K. M., ibid, 1926, 17, 25; Popper, IV., 
Zeitseh, Anat. Enttnek., 1937, 107, 378 ; Ashlcy-Montogu, II. F., Anal. Pec., 1937, 
69, 389 (in primates). 


[7] See note [4]. 

(8) For development of the urethra, sco Johnson, F. P., Jour. Urology, 1920, 4, 
447. In the text I have described the floor of the penile urethra as formed not 
by a union of the inner genital folds but as a forward growth of tho urogenital 
orifice. In the female thL onfico forms the vulval cleft ; in the male it ^comes 
the primitive opening of the urethra. If the floor of the male urethra were formed 
by the union of the inner genital folds one would expect to find a median raphe. 

(OJ For development of prepuce, sco Frazer, J. E., JIanual of Embryology, 1940 ; 
Wood-Jones, F„ BHl. Jour., 1910, 1, 137 ; Hunter, IV. H., Jour. Amt., 
1936, 70, 08 ; Deibort, G. A., Ami. Bee., 1933, 57, 387. 

[10] For malformations of the urinary tract, see Thompson, R., Jour. Anal. 
1919, 53, 32 ; Proc. Boy. SoC. Med., 1931, 24, 47 (Sect, of Urology). 

[11] Goldschmidt, R., Die Sexaellen Zunschenstufen, Rerlin, 1031 ; Alien, E., 
Anat. Bee., 1928, 39, 315 ; Humphrey, R. R., ibtd., 1931, 51, 135 ; Parkes, A. S., 
Internal SecretioM of the Ovary, London, 1929. 

[12] See note [8], 

[13] The epithelial groove in the glans penis, afterwards canaliculked to form the 
terminal part of the urethra, is not a eeparato formation, but represents a continua- 
tion forward of the epithelium of tbo urogenital sinus. 

[14] Otis, W. J., Anat. Utfle, 1903, 30, 199. 

[15] For development of the bladder, see Frazer, J. E., in note [2] ; Czarski, C., 
Anal. Anz., 1937, 84, 241 (separation of uretcra) ; SiJrestri, U., ArcMv. Hal. Anat. 
Emb., 1033, 32, 1 (musculature); Graening. W.. Zeilscb. Anal. Enlicick., 1937, 
106, 226 (comparative anatomy of rauscnlaturo) ; Harris, H.' A., Jour. Anat 


[IC] llammondaml Others, An/it.i?cc., mi, 80,271 ; Rcmr. R. C., Jour Anat 
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Glands of Coivper and Bartholin arc produced as solid buds from the 
cndodcrmal lining of the penile extension of the urogenital sinus (Fig. 489), 
Hence in the female the ducts of Bartholin’s glands open in the vulval 
cleft just outside the hymen at each side of the vagina, for the hymen 
marks the junction of the hlullerian ducts \vith the urogenital sinus. 
In the male the ducts of Cowpcr’s glands open in the bulbous part of the 
urethra (Fig. 489). The function is unlmown, but it is certainly sexual 
in nature, for these glands atrophy after castration. The numerous 
glands of Lillrv, like Cowper’s and Bartholin’s glands, are produced by 



Fig. 490. niagraTOmatic section of tlie Bladder and Urethra of a Ctli-niontU Foetus 
to show (1) tlic development of the Prostate, (2) the relationship of the Prostatic 
Musculature to that of the Urethra and Bladder. (Wood-.Iones.) 

tubular outgrowths during the 4th month (Fig, 489). In the male the 
glands of Littre are produced most numerously along the dorsal aspect 
of the urethra. 

Bound the anus, and especially in the furrow between the labium 
minus and majus, groups of large peculiar sebaceous glands are produced 
in the 4th and 5th months, corresponding to the anal and preputial 
glands of mammals. Occasionally two groups of sebaceous glands 
occur on the prepuce of the male, especially if hypospadias be present 
(ShilHtoe). Glands round the corona of the glans penis {Tyson’ s glands) 
are only very exceptionally present. 
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CHAPTER XXVII 

UROGENITAL SYSTEM (continued) 
TESTIS AND ADRENAL BODY 


This is the last of three chapters devoted to a consideration of the 
origin of the urogenital system of the human body. In the first of these 
chapters we dealt with the rise of the Wolffian body and the duct system 
connected with that body. In the second vre passed in review the 
development of the uterus and vagina, the separation of the rectum from 
the urogenital system and the formation of the external organs of 
generation. Wo are now to note the rise of the testis and of its ducts. 
We shall also consider the adrenal body, which, like the pituitary, is 
closely linked to the sexual system. 

Attachment of the Testis.— The origin [1] of the testis on the inner or 



FiQ. 491 Section to show the AUachmetiU of Testis and 
of Abdomen in 7th week. W.S.. Woiman body; 
MtiUeclan duct. 


mesial side of the Wolffian ridge and its attachment to the dorsal wall 
of the coelom by a mesentery common to it and the Wolffian body have 
been already described {see Figs. 4, 26, 491). Its position at the begin- 
ning of the 3rd month is shown in Fig. 492. Although in the Cth week 
the genital ridge extended from the 6th to the 12th tboraoic segment, 
the testicle, developed from the hinder part of the ridge, is now situated 
in the iliac fossa. The mcsorchinm (Fig. 491). a fold of peritoneum, 
binds its attached border to the iliao fossa. At its outer side lies the 
genital part of the Wolffian body which forms the epididymis. It also 
SSI 
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is suspended by a mesentery — the Wolffian mesentery. The two 
mesenteries have a common base — the common urogenital mesentery 
(Fig. 491). The upper part of the urogenital mesentery forms the 
diaphragmatic fold, with which the peritoneal fold containmg the 
spermatic artery becomes joined ; to the combined fold is given the 
name of plica vascularis (Fig. 492). This in the female becomes the 
ovario-pelvic ligament (Fig. -5). A fold of peritoneum, the inguinal 
fold or plica gubematrix, continues the common urogenital mesentery to 
the groin (Fig. 492). The gubernaculum testis is developed in the 
plica gubematrix ; in the corresponding fold in the female the round 
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Fia. 492. The Position and Attachments of tlie Teste early in the ^rd month of de^Iop 
ment. K., kidney; S., suprarenal; W.B., Wolffian body; tnff. fold, inguinal 
fold ; JJ., rectum. 


ligament of the uterus appears (see p. 518). The vas deferens ^ 

duct) turns into the pelvis from the lower end of the epididjonis (Wo an 
body), and within the pelvis lies in the genital cord (Fig. 492). A rertman 
of the Mullerian duct lies along the inner and ventral aspect o e 
epididymis (Fig. 491). 

Seminiferous Tubules. — The arteries for the genital glands represe 
the lowest of the vessels which supplied the Wolffian body and arise rom 
the aorta at the level of the 12th dorsal vertebra ; their nerve supp f 
comes fi:om the 10th dorsal segment of the spinal cord. The ^ 
therefore developed in the genital, ridge between the 10th and 
dorsal segments. The early development of the testis is sumlar to 
ofSe ovS^. Up to the 7th week, 4en the embryo measures 15 nun. m 
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length, it is impossible to tell testicle from ovary ; both of them at this 
time show a covering of germinal epithelium and deep central masses or 
columns of epithelioid cells derived from the covering layer of germinal 
epithelium. In the central masses are the large primitive germinal 
cells or gonocytes. At the end of the 7th week two changes lead to the 
differentiation of a testis from an ovary : (t) a tunica albuginea begins 
to form imder the superficial epithelium ; {ii) the central masses pro- 
liferate and form radiating cor^ which branch as they spread from 
hilum to periphery. The cords become transformed into the semini- 
ferous tubules, which arc at first solid ; they anastomose at their 
peripheral ends. Some of the epithcloid cells are not included in the 
tubes and remain to form interstitial cells [2]. The germinal cells 
(gonocytes) are included in the epithelial cords. The tubules become 
separated into groups or compartmente in the 6th month and about the 
same time lumina arc formed in them. The formation of spermatozoa 
has been already described (p. 12). The visceral layer of the tunica 
vaginalis on the testicle represents the covering of flattened epithelium 
w^oh remains after the ingrowth of the genuinal epithelium. The vasa 
efferentia and coni vasculosi are formed from tha genital Wolffian tubules ; 
the Tctc testis and vasa recta from the junctional cords (p. 509). Towards 
the end of the 3rd month the rete effects a communication ^vith the tubuli 
seminifcri on the one hand and with the vasa efferentia on the other. 
The epididymis is the elongated and coiled segment of the Wolffian duct 
(Fig. 453). The AVolffian elements are produced within the Wolffian 
ri^e (Fig. 459). 

The Pohic Apron. — IVhen describing the inguinal fold (p. 518) I drew 
attention to the fact that the fibroblasts within it were in continuity 
with the mesodermal tissues of the inguinal and prepubic regions. The 
prepubic tissue, which may be named the “ pubic apron,*’ is illustrated 
in Figs. 493, A, B, 0, taken from Dr. Moszkowicz’s monograph [3J. 
About the middle of the 3rd month (foetal) this special area of sub- 
cutaneous tissue (Fig. 493, A) lies above the root of the penis and in 
front of the symphysis, extending to the groin on each side, where it 
receives the inguinal Hgaments, which serve it as apron strings. Three 
weeks later, at the end of the 3rd month (B), several changes have taken 
place. The tissue of the apron now appears swollen, its fibro-cellular 
elements being in a state of active proliferation ; in brief, the apron 
has come under the influence of the sex hormones, both oestrogenic and 
androgenic. The penis, instead of drooping as in ^1, is now raised and 
applied to the ventral (front) aspect of the symphysis. The tissue of 
the apron, in place of being confined to the region of the symphysis, has 
become extended toward the anus, thus providing tissues for the forma- 
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tion of the scrotum (see Fig. 483, A). In a female foetus of the same 
(C'), the pubic apron, although it has increased in si^e, still retains 
the earlier rclationsliips. The tissue which goes to form the scrotum of 
the male remains quiescent in the labia majora of the female. Thus there 
are two mesodermal invasions of the human perineum ; there is the 
early invasion that establishes its central part in the later part of the 
2nd month ; there is the later invasion that is pecuhar to the male, the 
invading scrotal tissues being derived from the pubic apron. 

The pubic apron is a structure of ancient origin, having been evolved 
in connection with the Wolffian body and sex glands. In lower mammals 
the pubic apron provides the material in which mammae and marsupial 
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Fia. 493. 

A. Tlie '■ Pubic Apron ” of a JIalc Foetus of 11 weeks. 

n. The same at the end of tlie 3rd month. 

C. Tlie same In a Female Foetus of 3 months (aU three figures modified from 
Moszkowioz). 

a, inguinal cord in abdomen ; 6, tlie same in tlie groin ; c, prepubic subcutaneous 
tissue constituting the " pubic apron”; d, penis or clitoris; e, crus peius; 

/, rectus abdominis ; g, pubic ramus ; ?ri, muscles of the inguinal region ; 
scrotum. Tlie raphe is Indicated. 

pouch are developed. In the Primates its tissues are swollen at birth 
(oestrin effect) and also swell and redden during periods of heat [4]. 

The Gubernaculum Testis [5]. — ^Mention has been made of the early 
connection established between the inguinal fold within the abdomen 
and the pubic apron in ^e groin. Yffien 'th^inuscuiature of the 
abdominal wall becomes differentiated 1^ in the_2nd month, the ; 
inguinal ligament orptrandVah be seeiffoTie made up of three segments 
— intra-abdominaI ,_.inters titiaI and extra-ab domina l. The interstitial | 

segmeuTreceives contributions from the musculature of the abdomina ; 

wall. Early injbhe 4th mon th the subperitoneal nou-striated,mu8cul#? 
tissue in the jiHca gubernatrix and in the 'mesorchium takes on a^rapi 
and^^anized growth (Fig. 494), At the same time the tissues of the 
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abdominal wall also share in this growth movement, undergoing. a 
locali^d evagination to^va^ds the scrotum. They are parried down by 
the gro^vth of.the gubernacular bud, which works its way to the scrotum. 
ThT gub^maculum grows downwards as a solid mass until it reaches the 
subcutaneous tissue .which by this time completely fills the ^rotum. Its 
attachment to the scrotum is slight and easily broken (Fig. 494). The 
gubernaculum, as it grows through the abdominal wall in the track of 
the inguinal strand, carries with it : (t) a process of peritoneum (the 
processus vaginalis) ; (it) the transversalis fascia (the infundibuliform 
fascia) ; (tu) the internal oblique and transversalis muscles to form the 
cremaster ; (iv) the spermatic fascia from the external oblique ; (a) the 



deep layer (Scarpa’s) of the superficial fascia of the groin. All these 
layers are added to the primitive coverings of the scrotum, which until 
then was made up simply of skin and the peculiar subcutaneous tissue or 
superficial fascia just described (p. 553) (Fig, 494). 

It will thus be seen that the gubernaculum testis is a fibro-muscular 
mass with an actively growing cellular cap, which, starting from the 
muscular stratum in the mesorchium and plica gubematrixln the iliac 
fossa, invades the abdominal wall, every layer of which participates in 
the growth movement, and is carried with the gubernacular bud’towaHls 
the scrotum, ^gube rnaculum, sharing the organizing properties of 
thc.sub-.peritoneal^s^ behaves lik^an invadihg'S^^ Thr^^^nh 
^ess stimulated by the sex growth hormones [6] loosens Th'i tlsWs 
in^ which It advances, while the pressure ^vithin the abdomen generated 



564 HUjVIAJN embryology AND MORPHOLOGY 

tion of tlie scrotiun (see Fig. 483, A). In a female foetus of the same 
ogG (^)> fhe pubic apron, although it has increased in size, still retains 
the earlier relationships. The tissue which goes to form the scrotum of 
the male remains quiescent in the labia ma jora of the female- Thus there 
are two mesodermal invasions of the human perineum ; there is the 
early invasion that establishes its central part in the later part of the 
2nd month ; there is the later invasion that is peculiar to the male, the 
invading scrotal tissues being derived from the pubic apron. 

The pubic apron is a structure of ancient origin, ha\dng been evolved 
in connection with the "VYolffian body and sex glands. In lower mammals 
the pubic apron provides the material in which mammae and marsupial 




A. The '• Pubic Apron ” of a Male Foetus of 11 weeks, 
n. The same at the end of the 3rd montli. 

C. Tire same In a Feuiale Foetus of 3 months (all three figures modified from 
Moszkowlcz). 

a, inguinal cord In abdomen ; 6, the same in the groin ; c, prepubic subcutaneous 
tissue constituting tlie *' publo apron ” ; d, penis or clitoris j e, crus pems , 
/, rectus abdominis ; g, pubic ramus ; m, muscles of the inguinal region ; *c., 
scrotum. The raplic is indicated. 


pouch are developed. In the Primates its tissues are swollen at birth 
(oestrin effect) and also swell and redden during periods of heat [4j. 

The Gubernaculum Testis [6], — ^Mention has been made of the.early 
connection established ,bet\veen the inguinal fold within the abdomen 
and the pubic apron in the groin. When TEe~inus6ulature of the 
abdominal wall becomes differentiated late in the^2nd month, the 
inguinal ligament orntrahd'cah be heenYoTbi^made up of three segments 
— intra-abdominal, _JnterstitiaI and extr^-^dd mida l. The interstitial 
segment receives contributions from the musculature of the abdomina 
walL Early jn t he 4th m onth the subperitoneal nornstriated musculaj 

tissue in t^Jilica g^ber natrix and In the inesofehimn takes on a^^id 

and^ganized growth (Fig. 494). At the same time the tissues of the 
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Descent of tlie testicle may be arrested at any stage : often in the 
inguinal canal, more frequently at the external abdominal ring. Arrest 
of descent is commonly regaled as a symptom of arrest of testicular 
development. John Hunter regarded a congenital arrest of the descent 
of the testicle as due to an imperfection in its development [8] ; we, in 
the light of present knoivledge, attribute it to a defect in the production 
or interaction of sex hormones. On the other hand, the testicle may 
assume an ectopic position. The gubernaculum as it makes its way 
towards the scrotiun may take an eccentric course and bring the testicle 
to rest in the groin, at the root of the penis, or over the pubis. 

AlTiy do the testes of most mammals leave the abdomen ? There is 
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Flo. 4C6. A Diaernn of the Crocetsus Vagtn^Iis 


still much debate. Prof. Crew and others have brought forward evidence 
to prove that the temperature Avithin the abdomen is too high for the 
ripenmg of spermatozoa [9]. The high temperature of birds does not 
affect intra- abdominal spermatogenesis; Badenoch found that in men 
the mean temperature mthin the scrotum was only 2*2° C. lower than 
within the abdomen. For my part I think the e\ddence favours the 
theory that testicles seek the scrotum to escape the sudden and high 
pressures to which the abdominal viscera ate subjected during strenuous 
movements. JIarmnals which retain the testes within the abdomen are 
stiff-bodied. Testicular descent is correlated with the evolution of the 
diaphragm and exclusion of the lungs from the abdominal cavity [lOJ. 
From some cause at present not understood, a testicle atrophies when 
subjected to this pressure [11]. It also atrophies if subjected to a 
constant dosage of oestronc. 
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by its muscular wall adds a thrusting force. The peritoneum of the 
iliac fossa to which the testis is attached also participates in the gr owing , 
migratory process. 'Thus we may regard the descent of the testicle a^s a 

form of developmental hernia. ' “ ' 

We have seen how a rapid growth and extension of the lumbar part 
of the vertebral column during the 3rd month carries the Iddneys^away 
from the pelvis, while the testes (and also the ovaries) are left level vtith 
the iliac crest (Fig. 458). Thus, as Loclavood observed in 1883 and 
Wyndliam in 1943, the testes lie in the iliac fossa close to the groin from 
the 3rd to the 7th month of foetal life, . The 7th month is spent m then 
transit of the abdominal wall. In the 8th month they leayo thejinguinal 
canal and pass the external ring. After birth the fundus of the scrotum 
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Fia. 495. The manner in which the Structures in tlie WaU of the Abdomen are carried 
outwards so as to form the Inguinal Canal and Coverings of the Testis. 


is reached. A remnant of the gubernaculum can a,I ways be found m 
the adult, within the mesorchium (Fig. 496). 

Processus Vaginalis. — The processus vaginalis becomes occluded by 
adhesion or zygosis (p. 407) at two points at or soon after birth, but 
in a considerable proportion of individuals the process of closure is 
delayed (Fig. 496), The upper point of occlusion takes place at the 
internaUabdominal ring ; the lower a short distance above the testicle. 
The part of the processus vaginalis between the points of occlusion is 
known as funicular process ; the part surrounding the testicle becomes 
the tunica vaginalis. In quite 30% of children the occlusion takes place 
at the internal abdominal ring some considerable time after birth or it 
fails altogether [7]. Occlusion may fail at the upper point, at the lower 
point, or at both. Or it may close at both points, but the fumcular 
process, instead of disappearing, may remain open and form a cyst. 
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such cases, then, the gubernaculum has not extended to the upper part 
of the inguinal fold. 

Infer-Sex and Imperfect Sex [12]. — Embryos of the Tth week possess 
rudiments of both sexes ; the male embryo, so determined by its 
chromosome constitution, possesses Mullerian ducts ; the female, 
similarly determined, is provided \vith Wolffian ducts. Some factor 
comes into operation in the Tth week which determines the direction of 
sexual development. There is evidence that this factor may be of the 
nature of a hormone (Lillie). Certain intereexes are produced in the 
following way. In cases where twins have been conceived, a placental 
intercommunication may be effected between the two foetal circulations. 
If both twins are of the same sex no harm results, but if they are of 
opposite sexes then the female undergoes a sexual change. Male 
characters are dominant j they appear (in the gonadial glands of males) 
at least a week earlier than do those of females ; male embryos are first 
off the mark towards sex differentiation, ^Vhe^e the circulations are in 
communication something (androgenic hormone) is carried by the blood 
from the male gland to the gonads of the female twin ; that something 
alters the sexual development of the twin so that the ovaries become 
imperfect testes ; the differentiation of the Mullerian ducts is arrested, 
the e.xternal genitals assume an intcrsexual form. Such twins, females 
by chromosomal constitution, imperfect males by hormonal influence, 
are known as /rce«mcrims [13]. Imperfect males may result from a 
defect in chromosomal constitution ; imperfect females— where the 
gonad is truly an ovary, hut the external genitals assume the imperfect 
male form — are very rare. Secondary sexual characters are determined 
mainly by testicular (interstiti.al) and ovarian hormones ; but evidence 
is not lacking to show that they are also influenced by the pituitary gland 
and cortex of the suprarenal (see p. 166). 

Hermaphrodites [14]. — An hermaphrodite — a human indhddual in 
which both testis and ovary are present with power of self-fertilization — 
has never been seen. In 1909 Prof. Wm. Bulloch found only five cases 
on record in which, within the same genital gland, there were present 
representations of imperfect testicular and ovarian tissues (ovo-testis) ; 
functional spermatozoa and ova were not present. In recent years 
many more cases have been recorded. The term, however, is usually 
(but wrongly) applied to individuals in whom the genital glands are 
imperfectly developed. Aswehave justsecn, most ofthese are imperfect 
males. Testes and ovarieg seem to exercise an opposite effect on the 
development of sexual structures. Hence, if the gonads of an individual 
arc imperfectly differentiated development of its genital parts is un- 
controlled ; such an individual assumes a sexual form which may best 
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Mesorehium.— At first, tlie testis and epididymis are suspended witHn 
the abdomen by the common urogenital mesentery {Fig. 491). In the 
coiusc of the descent of the testis this becomes shortened by the develop- 
ment of the gubernaculum, the testis and epididymis becoming thus 
firmly bound by their posterior borders to the tunica vaginalis. The 
^gital fossa, situated between the mesorehium and mesentery of the 
^olfiian body, represents the recess W'hich separated the genital from the 
\ olffian ridge of the embryo. The mesorehium — ^the true mesentery 



Fig. 498. Elongated Common Mesentery of a Human Testicle arrested in the course 

of its descent, . 


of the testicle — ^may assume the form of an elongated fold, attaching the 
testicle to the epididymis. 

A not unusual anomaly of the testicle is represented in Fig. 498. It 
will be observed that the common mesentery, in place of becoming 
shortened, and thus fi x ing the testicle and epididymis widely to the 
peritoneum, becomes narrow and elongated. Such testicles are usually 
arrested in their descent, and are apt to twist and become strangulated. 
It will also be observed that a gubernaculum is present, but it has seized 
and drawn downwards only a loop of the vas deferens. The e:^lanation 
is shown in Fig. 497. The inguinal fold is made up of two parts, a lower , 
ending on the vas deferens and corresponding to the round ligament of 
the female ; an upper, which continues the fold to the epididymis and 
testicle, and which corresponds to the round ligament of the ovary. In 
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of the 7th week the cortex is in place, with the neural element assembled 
on its dorso-medial aspect (Fig. 600). The suprarenals are developed 
within the anterior ends of the Wolffiaa bodies, just behind the pleuro- 
peritoneal passages. The medulla arises from groups of sympathetic 
cells — probably from the primitive cell basis of the semilunar ganglion, 
which is developed by the side of the aorta, close to the pleuro-pentoneal 
opening. The nerve fibres which end on the ganglionic cells and control 
their secretion (adrenalin) arise from the visceral cell column of the spinal 
cord and therefore belong to the preganglionic system. They have a 
segmental termination in the medulla (J. Z. Young). The medullary 
cells begin to migrate into the cortex in the 8th week ; the process of 
invasion is continued through the greater part of foetal life. Prof. 
Lucas Keeue and Dr. E. Hewer found that the chromafiin reaction on 
the cells of the medulla appeared in the 22nd week, while adrenalin was 
detectable in the 12th week [17]. By the beginning of the 4th month 
the medulla is arranged as reticulating columns set on the walls of 
branching venous sinuses. 

The cortical cells range themselves in rows between radiating blood 
sinuses. At birth the innermost zone — that which is in contact with 
the medulla — has peculiar characters. This zone oi foetal cortex under- 
goes a rapid degeneration, commencing before but becoming markedly 
accelerated just after birth [15]. It is possible that the pr^uction of 
foetal cortex is due to the action of oestrogen — which also brings 
about a ripening of follicles in the ovaries and growth of the ceridx of 
the terus m female children. As the kidneys ascend in the 3rd month 
they come in contact ivlth the suprarenal bodies. The suprarenal is at 
first larger than the kidney (Fig. 458, p. 514), even at birth they are nearly 
equal in size. The nerves and arteries enter the bodies on their renal 
surface ; the veins emerge on their anterior (ventral) surface. 

Until the 3rd month of development the suprarenal bodies are in 
contact with the upper pole of the testis or ovary. As the genital glands 
descend, the chaphxagmatic fold is drawn from the suprarenal re^on and 
frequently carries with it buds of suprarenal tissue both cortical and 
medullary. It can, therefore, be readily understood how isolated parts 
of the suprarenal body (accessory suprarenals) occur in the broad liga- 
ment or in the spermatic cord above the testicle. Such accessory bodies 
are probably derived from the cortical element which is developed 
within the IVoIfiian ridge and body. Wth the descent of the ovary and 
testicle, which bring with them the Wolffian body, adjacent accessory 
suprarenals, if such be present, are also brought down, and may occasion- 
ally give rise to peculiar tumours. Certain tumours which occur in the 
substance of the kidney and known as hypernephromata were at one time 
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be described as neutral. There is evidence to support the opinion that 
the embryonic genital gland is composite : the testicle develops within 
the medullary or central part of the gland ; the ovary from its cortical 
or more superficial parts. The medullary field appears to have a power 
to override the chromosome constitution of the female, while the cortical 
field exercises a similar power over the male chromosomes. Also, it 
must be kept in mind that male and female sex hormones are produced 
in both sexes ; it is the balance of these hormones which exercises the 
determining influence (Zuckerman). 

Development of the Suprarenal Bodies [15]. — The suprarenal or. 
adrenal bodies arise by the association of twm distinct embryologica 
elements — cortical and medidJury. In Fig. 500 is given a diagrammatic 
section to show the stage reached in the 7th week of development, e 
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FIG 499 Showing the distribution of the Aortic Chromaffin Bodies in the early Human 
iio. 4ja. ouuwiiiBt Foetus. (After Zuckerkandl.) 

FIG. 500. Sec'tion across the Suprarenal Genital and Wolffian Bo^e^ Embrj'o m 

the 7th week, 15 mm. long. (After z,ucKerKaiiuj.; 

cortical element then being large and projecting at the root 
mesentery and.in contact with the genital and Molffian 
the medullary element’ consists of neuroblasts denved from e 
of the sympathetic system. These neuroblasts give rise o J 
nerve cells which have a secretory function. The 
associated with the gemtal system ; its secretion regulate 
ment of certain sexual structures and functions [16]. ® 

cells of the genital glands, the cortex arises by an J 

epithefium, the suprarenal ingrowth occu^mg on 

of the mesentery early in the 6th week. i^^er or 

the coelomic epithefium. The first provides ^ end 

foetal cortex ; the later, the outer or permanent cortex. y 
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supposed to arise from suprarenal rests. Tliis is now kno^m not to be 

Arise from nephrogenic rests [181 

Chromaffin Cells.— The medullary part of the suprarenals belongs to a 
segmental series of organs. In fishes such as the shark and lamprey a 
group 0 ce s (a paraganglion) is thrown off from each ganglion of the 
sympa otic chain and comes into close contact udth the tributaries of 
e car ina veins [19J. These cells stain brown with salts of chromium 
^ pAuie ; ^ some of these cells remain within the sympathetic 
gang la. imilar minute chromaffin bodies (paragangba) are also 
e^ e oped in or near all the ganglia of the vertebral chain of the human 
oetus (see p, 3D6). Other collections of chromaffin cells arise at the 
sites o the prevertebral ganglia and plexus — ^siich as the superior and 
erior mesenteric plexuses. The distribution of the aortic chromaffin 
0 es IS shown in Fig. 499. These bodies are numerous in the earlier 
mont s of foetal life ; later there is a reduction in number, their function 
eing taken over by the medulla of the adrenals. Some persist at the 
roots of the coeb’ac axis and superior mesenteric arteries. Although 
c omaffin cells arise from the blastema of the sympathetic system, yet 
t ey are differentiated before the nerve cells of that system, as if they 
represented the products of an earlier evolution. By their secretion 
they assist or serve as substitutes for the vasomotor sympathetic cells 
and for all nerve cells which have to do with regulating the action of 
nonstriated muscle. 

In the master organ of the hormonic system, the pituitary body, 
the main secretory part is linked to a neural element ; in the adrenal 
we rneet with a linkage of a similar kind. The explanation of this 
association of neural and secretory elements still awaits formulation. 
In its functions the cortex of the adrenals is dominated by the pituitary. 

The Coccygeal Body is a small mass of epithelioid cells situated on the 
ventral aspect of the coccyx. The cells are arranged round vascular 
channels, but are not neuroblastic in origin. Nerve fibres end in its 
peripheral capsule. Its function and origin are unknown [20]. 
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BODY WALL AND PELVIC FLOOR 

Stages in the Evolution oS the Body Wall. — ^Behind the apparently 
si^ie arrangement of structures in the body wall of man lie s a lon g 
history, only some of the later stages bcthg known to us [1]. Even in 
the lowest vertebrates the wall surrounding the pericardial and aWomiual 
cavities is already muscular. We presume, however, that there has been 
a stage in which the body-wall was devoid of muscles, for in all verte- 
brates the myoblasts which give rise to the muscles of the body wall.are 
derived from without. In fishes the musculature of the body wall is 
arranged in two systems : (t) a lateral or oblique system, in which^e 
ribs are embedded ; (u) a vcntral'of]ongitiid_inal system, which extends 
from pharynx to tail. Both longitudu^l and qblique systems are 
difietehriated from- one stratum. It is from a simple system*’ of this 
nature that the musculature of the human body wall has been evolved 
(see Fig. 619). 

Respiratory Stage. — With the evolution of hings the musculature of 
the body wall assumed a respiratory function. In fishes its chief use-r- 
if one excepts the part it plays in body movements — is to assist in the 
circulation of the blood within the body cavity : to drive it on towards 
the heart, and to*e^find or contract* the ca^ty as the aliraentary_cana.I 
fills and em pties. By means of ribs embedded in Ae septa of the lateral 
wall of vertebrates above fishes, the musculature of the body cavity 
became capable not only of compressing or diminishing the bcjdy c avity , 
but also of expanding it, antT thus filling the lungs with air, In this 
manner the body m usculature entered into the service of thejungs, and 


The ribs which served in the simple econVmy of the fish’s body became 
strengthened and firmly jointed to the Y§.r febrae ; at the ventral e^d^ 

of those ehcircling the" lungs a supporting bar — the sternum was 

evolved ; the primitive sheets ot musculature Jiecame difierentiated to 
on the ribs. ’ Tn the latter’part of the 2nd month, when the lun^s and 
pleural cavities are undergoing rapid development, respiratory trans- 
formations similar in nature to those' just mentioned are taking place 
Jn the human embryo. 
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Stages in the Evolution oi the Body Wall. — Behind the apparently 
simple arrangement of structures in the body wall of man lie s a lon g 
history, only some of the later stages being known to us [1]. Even in 
the lowest vertebrates the wall surrounding the pericardial and abdorninal 
Cavities is alrcatly muscidar. We presume, however, that there has been 
a stage in which the body-wall was devoid of muscles, for in all verte- 
brates the myoblasts which give rise to the muscles of the body wall are 
derived from without. In fishes the musculature of the body wall is 
arranged in two systems : (i) a lateral or oblique system, in which the 
ribs are embedded ; (u) a ventral^joDgitudinal system, which extends 
?rom pharynx to tail. Both longitudinal and qblique systems are 
differentiated from one stratum. It is from a simple system^ of this 
nature that the musculature of the human body wall has been evolved 
(see Fig. &19). 

Respiratory Stage.— \Yith the evolution of Ijmgs the musculature of 
the body wall assumed a respiratory function. In fishes its chief use— 
if one excepts the part it plays in body movements — is to assist in the 
circulation of the blood within the body cavity : to' drive it on towards 
the heart, anJto^^and or' contract the cavity as the aliraentarjjcanal 
fills and em pties. By means of ribs embedded i n th e septa of the lateral 
wall of vertebrates above fishes, the musculatiue of the body cavity 
became capable not only of compressing or diminisbing the body cavity, 
but also of expandin g it, and" thus filling the lungs 'mth air. In this 
manner the body inusculature entered into the service of theJungs, and 

i -V 

■ came 

■ 

The ribs which served in the simple economy of the fish’s body became 
strengthened and firmly jointed to the YS rfebrae ; at the ventral ends" 
of those encircling the' lungs a supporting bar — the sternum — was 
evolved ; the primitive sheets of inuscuhiito_e became differentiated to 
^ct on the ribs. " In the lat^*part of the 2nd month, when the lungs and 
pleural cavities are undergoing rapid development, respiratory trans- 
formations similar in nature to thc^'just mentioned are taking place 
Jn the human embryo. 
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BODY WALL AND PELVIC FLOOR 

Stages in the Evolution of the Body Wall. — Behind the apparently 
si^le arrangement of stnibtnrcs in the body wall of man lie s a lon g 
history, only some of the later stages being known to ns [1]. Even in 
the lowest vertebrates the wall surroundmg the pericardial and abdominal 
^^iea is already mus cul ar. 'W^resmne, bo\vever, that there has been 
a stage in which the body-wall was devoid of muscles, for in all verte- 
brates the myoblasts which give rise to the muscles of the body wall are 
derived from without. In fishes the musculature of the body wall is 
arranged in two systems : (t) a lateral or oblique system, in which the 
ribs are embedded ; (tt) a ventral oFlongitutfinal^system, which extends 
from pharynx to tail. Both longitudinal .and oblique systems are 
difierehtlated"from'oue stratum. It is from a simple system of this 
nature that the musculature of the human body wall has been evolved 
(see Fig. 519). 

Respiratory Stage, — With the evolution of Ipngs the musculatiire of 
the body wall assumed a respiratory function. In fishes its chief use-r- 
if one excepts the part it plays in body'raovements — is to assist in the 
circulation of the blood within the body cavity : to' drive it on towards 
the heart, and to^^and'or'contfact”the cantyjxs the alimentary ca na.l 
fills and em nties. By means of ribs embedded injhe septa of thejateral 
wall of vertebrates above fishes, the musculature of the body cavity 
became capable not only of compressing or diminisbing the bpdy.cavity, 
but also of expanding i t, and”thus filling the lungs with air. In this 
manner the body musculature entered into the serrice of^thedungs, and 
the nerve ^ntre s (respiralbry centrei)~m'ttie'hmd-brain and mid^ain, 
which formerly regulated Hie moyements of the gills and p haryn x, came 
to have an automatic dominion over the mi^cxilaTinfe of the bodyjvall. 
The ribs which served in^he simple econWy of the fish’s body became 
strengthened and firmly jointed to the YS gCehrae ; at the ventral ends 
of those encircling the-lungs a ^pporting bar — the sternum — was 
evolved; the pri * ne difierentiated to 

%gt Qn the ribs. ' ■ . • when the lungs and 

pleural cavities a ■ . . • ^ respiratory trans- 

formations similar in nature to thosTjust inentioned are taking place 
in the human embryo. 
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Mammalian Stage. — We have already seen that the lungs of mammals 
develop vithin special cavities, which ultimately surround the heart; 
as the pleural cavities expand they dislocate from the neck and depress 
^ partition which completely separates the thorax from 
the abdomen. With the evolution of the diaphragm and the dis- 
appearance of the lungs from the abdominal cavity, the body wall 
musculature became further modified, so that it could control the mov^ 
ments of the thorax independently of those of the abdomen. The 
evolution of pleural cavities effected a transformation in 'the thoracic 
part of the body wmll. The formation of the pleural ca^^ties and the 
differentiation of the thoracic wall take place during the latter part of 
the 2nd month of human development. 

Orthograde Stage. — ^It was formerly believed that the upright or ortho- 
grade posture is confined to man, and that it represents one of the more 
recently acquired human characters [2], This is certainly not the case ; 
man shares the ortho^ade posture wdth the group of primates with 
which he has so many structural affim’ties — ^namely, the anthropoid 
apes. Like man, they carry their bodies in an upright posture durmg 
progression. The smallest and most primitive of the anthropoid apes, 
the gibbon, is of ancient origin ; the orthograde posture is therefore 
an adaptation which has been long established in the higher group of 
primates. With a change of posture from the pronograde to the, ortho-, 
grade, the action and fixation of the musculature of the body wall 
became greatly modified ; the mecham’sm of respiration was necessarily 
altered. The chest became wide or barrel-shaped, the sternum broad ; 
the heart came to rest on the diaphragm. The muscles of the abdominal 
wall had not only to carry on their respiratory function ; they had also 
to support the abdominal viscera and to assist.in emptying them. The 
mesenteric adhesions which take place during the early months of foetal 
life (see p. 407) are designed to give additional _fixation_to thej^MOi^-- 
The lower abdominal viscera came to rest on., the pelvic floor ; the 
muscles of the tail, which arise within the pelvis of pronograde maimnals, 
were modified to form a muscular hammock for the support of the . 
viscera and in the course of time the external tail became reduced to a 
coccyx. The caudal or coccygeal vertebrae are less robust in a nthropoid 
apes even than in rnan. The spinal musculature and spinal column were 
altered to meet new postural conditions. 9i~rt7n'.f 

Plantigrade Stage. — If ihan sHa^ the ort hog rade posture^^thj^aup 
of hipier primate's; the power of plantigrade progression is peculiarly, lus,.^ 
own. Everyone recognizes that the foot, the leg, the thigh' of man have 
imdergone extensive structiual alterations, but the fact is often over; 
looked that the process of adaptation has also led to marked structural 



567 


BODY -WALL AND PELVIC FLOOR 

changes in-the body.-wail. The ingomal region especially has-been 
modified. The great development and complete e:rtension of thejthigi 
havc^tered the musculature thejnguinal (Poupart’s) 

ligament has been evolved. These structural adaptations have wakened 
the human groin and'made it the commonest site of hernia. In the 
normal Eunoanirpright posture tlm trunk is balanced oii the pelvis ; 
the crest of the ilium and the external oblique have become modified for 
th is purpose. The muscles of the abdominal wall not only support the 
abdominal viscera, and maintain them during their respiratory excursions, 
but also take a part in producing and regulating the movements of the 



body Their fimctional value is orten_irapaircd in man, and hence he 
is the subject of those forms of sljpping or dropping of the viscera which 
are grouped under the name of visceroptosis. He is liable to many other 
'varieties of static ^sablements. ^ " -* 

_^utna/ and femoral /lernio occur so rarely amongst mammals that 
th^’ May be considered human peculia rities . 'Their frequen^TiTjiian is 
due to certain, structural changes Jmhts pubo-femoral region, changes 
which have resulted mainly from-lus adaptotionjo upright proCTcssion. 
His susceptibility tq^ hernia is due_to.[3] ; 

(t) The \miqu.e_form.pf.^o^arfc> lament in man. It is scarcely 
developed in any other animals. In th e ora a^ tor'ih 5 fance^a!so_nn 
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Mammalian Stage. Wo have already seen that the lungs of mammals 
develop vuthin special cavities, which ultimately surround the heart; 
as the pleural cavities expand they dislocate from the neck and depress 
ydthin the trimk a partition which completely separates the thorax from 
the abdomen. With the evolution of the diaphragm and the dis- 
appearance of the lungs from the abdominal cavity, the body wall 
musculature became further modified, so that it could control the move- 
ments of the thorax independently of those of the abdomen. The 
evolution of pleural cavities effected a transformation in ‘the thoracic 
part of the body wall. The formation of the pleural cavities and the 
differentiation of the thoracic wall take place during the latter part of 
the 2nd month of human development. 

Orthograde Stage. — It was formerly beh'eved that the upright or ortho- 
grade posture is confined to man, and that it represents one of the more 
recently acquired human characters [2]. This is certainly not the case ; 
man shares the ortho^ade posture wth the group of primates with 
which he has so many structural affinities — naniely, the anthropoid 
apes. Lilce man, they carry their bodies in an upright posture during 
progression. The smallest and most primitive of the anthropoid apes, 
the gibbon, is of ancient origin ; the orthograde posture is therefore 
an adaptation which has been long established in the higher group of 
primates. With a change of posture from the pronograde to the_ortho- 
grade, the action and fixation of the musculature of the body wall 
became greatly modified ; the mechamsm of respiration was necessarily 
altered. The chest became wide or barrel-shaped, the sternum broad ; 
the heart came to rest on the diaphragm. The muscles of the abdominal 
wall had not only to carry on their respiratory function ; they had also 
to support the abdominal viscera and to assist .in emptying them. The 
mesenteric adhesions which take place during the early months of foetal 
life (see p. 407) are designed to give additional -fixation.. to the viscera.. 
The lower abdominal viscera came to rest pn . the pelvic floor the 
muscles of the tail, which arise within the pelvis of pronograde mammajs, 
were modified to. form" a muscular hammock for the support of the 
viscera and in the comse of time the external tail became reduced to a'' 
coccyx. The caudal or coccygeal vertebrae are less robujt in^anthropoid 
apes even than in inan. The spinal musculature and spinal column were 
altered to meet new postural conditions. Si-rOv' 

Plantigrade Stage. — If man sliares the orthograde postm e'jnt h a s ronp 
of higher primates; the power of plantigrade^rogression is peculiarly, his., 
own. Everyone recognizes that the foot; the leg, the thigkof man have 
undergone extensive srtuctural alterations, but the fact is often over- 
looked, that the process of adaptation has also led to marked structural 
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passage) is very much greater in man ' 

A and in him, tlm most mt^a ; . . 

and tLis unfilled space forms tliejcm 

femoral hernia__piay^ escape. The formation of the femoral canal has, 
■therefore, ^ erabryological basis ; it is not, like th^ inguinal canal, .the 
site of an embryological outgro'wth of peritoneum. The crural passage 
is relatively larger in women than in men, owing to the greater size of 
the femal e p elvic brim, and hence fcmoral^hernia is much more common 
in women than in men. Some hint as to the method of treatment of 
hernia in man may be obtained from a consideration of the arrangement 
of structures that prevent them in other animals. 

(v) Perhaps the most important factor in the causation of hernia in man. 
is the'compre.ssioi^q^hich the abdominal co nten ts are subjected by 
the contraction of the musculature of the a bdominal parieties during 
B^renuous’efforts, such as the lifting of he avy weig hts or the carrying 
of exces sive burdens. Certain fanuUes are more liable to heima'lh'aS" 
are others ; oesfron^, too, can soften the structures of the groin (see 
p, 533), 


THE PELVIC FLOOR 

Coccyx. — The retrograde changes undergone by the coccyx in the 
evolutionof the human body are intimately connected with the formation 
of the pelvic floor. The coccyx in man is commonly composed of four 
vertebrae, more or less vestigial in nature, which represent the basal 
caudal vertebrae of tailed mammals. Evidence of their vestigial or 
retrograde nature is to be found in : (t) Only their centra are developed 
— with the exception of the first, which shows partial formation of trans- 
verse processes and neural arches (superior cornua), (u) Delay in the 
appearance of the centres of ossification. These, instead of beginning 
in the 8th "week as in a typical vertebra, commence after birth. The 
centre for the 1st coccygeal vertebra appears in the 1st year, that for 
the 4th vertebra about the 25th year ; the 2nd and 3rd at intermediate 
periods. All four are fused into one piece about the 30th year, (m) Late 
m life, between the 40th and 60th year, thecoccyxunitcs with the sacrum. 

The number of coccygeal vertebrae varies ; four is the normal number, 
but there may be three or five. In embryos of the 7th week as many as 
eleven coccygeal vertebrae have been counted. The first coccygeal 
vertebra may join the sacrum, making six sacral vertebrae. The 
coccygeal vertebrae in anthropoids are more reduced as regards the 
development of their parts than in man. 

The evidence of the former existence of a true tail in the ancestral 
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upright primate — the external oblique has_,nq attachment the crest 
of the ilium, and takes no part in for min g the outer part of Poupart’s 
ligament (Fig. 502), the aponeurosis from the lower muscular digitations 
terminating directlj in the pillars of the external ahdommal ring, thus 
strengthening the region of the inguinal canal. T his is the usual termina- 
tion in mammalia. In man the anterior part of the iliac crest has grown 
into the lower digitations of the external oblique and severed them from 
their tendinous fibres, which now form the main constituent of Poupart’s 
ligament. The digitations thus inserted into the iliac crest help in 
balancing the body. 

(n) The internal oblique and transversalis (conjoined parts) in the 
qrang, and in all primates except man, arise from the firm tubular 
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Fig. 502. 

A. Poupart's (toguMal) Ligament. and,thc_Crural PaBsag e of Sian. 

B. ]5>uEp^’i~33gament, Crural Passage.and_Sphincter-ljkc Conjoined Musde^ofUw.^ 

^rangr^; ' ~ ■ 

sheath of the ilio-psoas, also from the extensive anterior border of the 
ilium, and, arching over the spermatic cord, end in a long inserti on on^^ 
iho-pe ctineal lin e. They act as a powerful compresso r or sphmot^ of 
the ing 3 una.l canal, and thus preventi jerm^fFigTSO^lTB)- 

(m) The human manner ofwai^Sg'and''the great head of the hu^n 
c hild a t birth_reqiure a„ wide pelvis. All mammals adapted to the 
pronograde posture have a narrow pel'^s, and hence a na rrow ffiterior 
abdominal wall (Figs. 501, A and R)~through which the inguinal canal 
pass'eswrerydbliquely. The course of the canal is more direct i n m an, 
■and therefore offers a great facility to lEe~ es^'e-'of "the^aMomnal 
contents. 

^‘■(Mq'Owing to the width of his anterior abdomiaal waU, the size qrme 
space between the edge of the pelvis an d_Ppupart’s ligament (the crura 
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The Pelvic Floor is peculiarly extensive in man, an adaptation to his 
upright posture. The floor is formed by the following structures : 
(t) The levator ani and its sheath (rccto-vcsical and anal fascia) on 
each side ; (it) tl^e coccyx and coccygeus muscles ; iiii) the constrictor 
urethrae (external sphincter) and triangular ligament ; (tu) the pyri« 
formis and its sheath may also be included. 

Development oi the Pelvic Floor. — The pelvic floor has been evolved in 
man bv a transformation of the tail and the caudal muscles [D]. The 
arrangement of tail muscles in a four-footed mammal, such as the 
monkey or dog, is shown in Fig. 605, A, and the modification of this form 



m anthropoids and man in Fig. 505, B. In mammals, two muscles, the 
pubo-coccygeus and ilio-coccygeus, act as depressors of the tail, the basal 
part of which plays the part of a penneal shutter ; in orthograde primates 
the tail no longer helps to close the perineum, its muscles serving in the 
support of the pelvic viscera. In pronograde apes these muscles are 
attached to the small V-shaped chevron bones on the xmder surface of 
the basal caudal vertebrae (Fig. 506). Another muscle, the ischio- or 
apmo-coccygeus, acts as a lateral flexor of the tail. It is attached to the 
transverse processes of the caudal vertebrae, and arises from the dorsal 
border of the ischium. In man the pubo-coccygeus and illo-coccygeus 
are blended into one sheet and form the levator ani. The shrinkage of 
the tail leaves the muscle partly stranded on the ano-coccygeal lit^ament 
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human stoclc consists of : (i) From the 5th to the 8th week the coccygeal 
region of the spine protrudes (Fig. 503) and tlie vertebrae number from 
8 to 11 ; tlie notochord is traceable beyond the vertebral segments. 
(??-) Vestiges of the extensor and flexor museles of the tail are frequently 
found (10% of bodies) on the dorsal and ventral a.spects of the sacrum 
and coccyx. Occasionally small nodules of bone are .found in front of 
the human coccyx, spanning the continuation of the middle sacral 
(caudal) artery ; these nodules represent the chevron bones or haemal 
arches of tailed mammals. The depressors of the tail are attached to the 
chevron bones (see Fig. 505, yl). (in) Tnie tails, consisting of external 
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Fig, 503. The Hise and Betrogression of the Caudal Vertebrae during the 2nd and 3rd 
months of development, (After Kiinitomo.) 

prolongations of the coccygeal region, commonly fibrous, rarely contam- 
ing vertebrae, occasionally occur [4]. (iv) The post-anal pit, always to 
be seen in the newly born child, marks the point at which the coccyx 
disappears below the surface early in the 3rd month. In man the coccyx 
forms part of the perineal floor. Instead of projecting far beyond the 
gut, as in tailed mammals, it terminates IJ inch above the anal canal. 

Another piece of evidence has been discovered by Prof. Hammar [5]. 
As will be seen from Fig. 605, A, a slip of non-striated muscle, known as 
the retractoT ani, unites the rectum to the ventral aspect of the coccyx. 
Prof. Hammar found that a representation of this muscle is develops 
in connection with the rectum of the human foetus in the 7th week, 
subsequently atrophies. 
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The Peli'ic Floor is peculiarly extensive in man, an adaptation to his 
upright posture. The floor is formed by the following structures : 
(i) The levator ani and its sheath (rccto-vcsical and anal fascia) on 
each side ; {it) t^c coccyx and coccygeus muscles ; [Hi) the constrictor 
lurethrao (external sphincter) and triangular ligament; (tu) the pyri- 
formis and its sheath may also be included. 

Development ol the Pelvic Floor* — The peUde floor has been evolved in 
man by a transformation of the tail and the caudal muscles [G]. The 
arrangement of tail muscles in a four-footed mammal, such as the 
monkey or dog, is shown in Fig. 605, A, and the modification of this form 



Fia 504. Newly born Child with Tati. (Drawn by K U. Burne ) 

in anthropoids and man in Fig. 505, D. In mammals, two muscles, the 
pubo-coccygeus and ilio-coccygeus, act as depressors of the tail, the basal 
part of which plays the part of a perineal shutter ; in orthograde primates 
the tail no longer helps to close the perineum, its muscles serving in the 
support of the pelvdc viscera. In pronograde apes these muscles are 
attached to the small V-shaped chevron bones on the under surface of 
the basal caudal vertebrae (Fig. 506). Another muscle, the ischio- or 
spino-coccygeuB, acts as a lateral flexor of the tail. It is attached to the 
transverse processes of the caudal vertebrae, and arises from the dorsal 
border of the ischium. In man the pubo-coccygeus and ilio-coccygeus 
are blended into one sheet and form the levator ani. The shrinkage of 
the tail leaves the muscle partly stranded on the ano-coccygeal ligament 
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(Fjg. 505 B) Other fibres of tJie piibo-coccygeus- lose their primary 
insertion to the coccyx, and become attached to the prostate, central 
point of the permeum, and to the anal canal. Both muscles, especially 
le iho-coccygeus, retain in part their primitive attachment to the coccyx 
(can a). Phe spino-coccygeus, or coccygeus muscle, is partly-fihrous in- 
man, Its outer laminae forming the small sacro-sciatic ligament; its 
iMer ammae remain muscular and form the coccygeus. In man, too, 
tile origm of the ilio-coccygeus has simk from the pelvic brim of the ihum 


'SCMIO-COCCYCEUS 




B. ORTHOCRAoe FORM. 

Fig. 505. Diagram to show the Pelvic Muscles of .a Pronograde Ape (A) and of an 

Orthograde Ape (P). 

on to the obturator fascia ; traces of the primitive origin from the pelvic 
brim can often be detected (Fig. 507). The white line, a structure 
peculiar to man, marks the new point of origin of the levator ani from 
the obturator fascia. The “ white line,” which is not depicted in Fig- 
507, strengthens the origin of the levator ani from the obturator fascia. 

In fishes (selachians) the levator ani is represented by a backward 
continuation of the rectus abdominis (Paramore). The pelvic part of 
the rectus ends in the tail ; anteriorly it is attached to the movable pelvic 
girdle. The cloaca of the dog-fish passes out between the right and left 
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Vrimitive represent-itivos of the lerator ani, which can compress the 
cloaca not hy depressiug the fail, as in mammals, hut by pullms the 
jH'lvis Kack\Y;\rvl5, 
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RMc Fascia and Fasciae in GeneiaL—It has been customary to regard 
fasciae as separate structures fonmng distinct sheets with devious and 
complex courses^ It is pcesdble by ^ssection to prepare and display them 
, according to ^accepted descriptions, but the structures so displat^ are 
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artificial and not the true structures 'R'hich the surgeon or physician has 
to deal uith in actual practice. Embryology is the best guide to their 
nature. Take, for e.xample, the development of the fasciae seen on 
making a section of the upper arm (Fig. 508). MTien the limb-hud 
appears, which it begins to do about the end of the 4th week of develop- 
ment, a section through it reveals a s^mcytium of mesodermal cells [7], 
the blastema of bones, muscles, etc., surrounded by a covering of 
ectoderm (Fig. 509). Very soon the central cells of the bud are densely 
grouped and form the basis of the skeletal axis. Other cellular consti- 
tuents of the blastema arrange themselves to form the biceps, triceps 
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periosteum 

humerus ^ deep fascia mesentery 

Fig. SOS. 

Fig, 303, Section across the Upper Arm to show the continuity of its Fascial System. 

Fig. 309, Section of a Limb-bud to show the manner in which its Tissues become 
differentiated. (After Eoliman.) 


body wait 


Fig, 509, 


and muscles of the arm ; other cells become the walls of vessels and the 
sheaths of nerves. After these various groups of cells have become 
differentiated, there is left over a cellular residue in which the highly 
differentiated cell-groups are enmeshed. The undifferentiated meso- 
derm forms the connective tissue or fascial system of the part. From 
the manner of its origin it is evident that the coimective tissue system 
the fasciae and septa — must form a continuous sponge-work of sheaths, 
each being in continuity with that of every surrotmding structure. The 
sheaths of the biceps, triceps and brachialis anticus, the periosteum of 
the humerus, the deep fascia, internal and external intermuscular septa, 
the sheaths of the vessels and nerves of the arm, represent the mesodermal 
tissue which was left over after the individual structures of the braebium 
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were difierentiated, and are, from the manner of their origin, necessarily 
in continuity (Fig, 508). They can only be artificially separated from 
each other. It is more accurate and easier to describe fasciae, then, not 
as separate structures but as adjuncts of the structures which they 
surround or ensheath. 

As to the manner in which connective tissue is developed, there are 
two opinions ; (t) that the substance of the cell body elongates and 
forms a fibre ; (tt) the more probable, that fibres are formed in a ground 
substance (gel) which lies outside the cell body, but is under the influence 
of the cell [8]. 

The Pelvic Fascia, which strengthens the pelvis floor, is composed of 
the sheaths of four muscles : (t) Levator Ani; (iV) Obturator Intemus ; 
(tti) Pyriformis ; {iv) Constrictor Urethrae and deep Transversus 
Perinei. The fibrous capsules of the following viscera also form part of 
it : (i) Prostate and Vesiculac Seminales in the male : (ti) Vagina and 
Uterus in the female ; (lii) Bladder ; (tv) Rectum. Under the title 
of pelvic fascia these eight elements are combined. To these must be 
added the important sheaths of the vessels — especially of the vesical, 
uterine and perineal arteries. 

I. The Obturator Fascia is the sheath on the inner or pelvic aspect 
of the obturator internus ; the sheath on the outer side of the muscle is 
formed by the periosteum and obturator membrane. The obturator 
fascia is attached at the citcumfctence of the muscle. There it becomes 
continuous with the periosteum of the os innominatmn. The part 
above the white Ime (supra-lmear) is intra-pelvic ; the part below 
(infra-lincar) is perineal and situated on the outer wall of the ischio-rectal 
fossa. 

II. RcctO'vesical and Anal jPVisciae,— The lovatores ani form a 
muscular floor for the pelvis, stretching from the white line of one side 
to the white line of the other. The sheath on their xmder surface — on 
the inner wall of the ischio-rectal fossa — forms the anal fascia. On the 
upper surface their sheath forms the greater part of the recto-vesical 
fascia. The pelvic viscera rest on the upper surface of the levatores ani 
and the capsules of the viscera arc continuous with the sheath on the 
upper surface of the muscles. The combined visceral capsules and 
upper shcatb of the levatores ani form the recto-vesical fascia. 

in. The Triangular Ligament is situated in the neighbourhood of 
the constrictor urethrae muscle (Fig. 510), but it can scarcely be regarded 
as its sheath. It is rather a fibrous septum which on its deep or pelvic 
aspect gives attachment to the prostate and to the bulb and root of the 
penis on its lower or perineal aspect. The inferior transverse fibres of 
the constrictor form really a separate muscle— the deep transverse 
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perineal — a derivative of the spliincter cloacae (see p. 543), The apex 
of the prostate rests on the muscle, its fibrous capsule being continuous 
\vith the posterior layer of the muscle sheath — the deep layer of the 
triangular ligament. 

IV. The inner sheath of the pyriformis forms the pyriform fascia. 
The coccygeus is continuous vath the levator ani and its sheath forms 
part of the recto-vesical fascia. The loose perirectal sheath is also con- 
tinuous with the tissue of the fascia pyriformis. The laxity of the con- 
nective . tissue which binds rectum, bladder and uterus to the pelvic 
fascia is evidence of the mobility of these organs. As they fill and empty, 
they must be free to move. 

The pubo-prostatic ligaments and the lateral vesical ligaments are 




Fig. 510. ; 

A. The Constrictor Urctlirae with attachments to tlic Subpubic Arch. c. Ur., 

fibres; c.Ur’., transverse fl bres ; deep-trans.per., dceptrans^ersepermealmusci , 

Cctit. pt., central point of perineum; C. Gl., Cowyer s giMd ’ 

layer of triangular ligament ; c, subpubic ligament. (A. J. vavc.; 

B. The Constrictor Urethrae and Triangular Ligament as seen in 

deep layer of triangular ligament; b, anterior ^Jprineal^mscle. 

d, symphvsis pubis ; e, bulb ; deep trans., deep transverse perm 

(A. J. E. Cave.) 

strengthened parts of the fibrous capsule of the prostate, which provide 
the bladder with a pubic fixation. The vesical musculature, in ^ 
ing the bladder, acts from the pubic fixation thus obtained. e 
great strains to which the pelvic vessels are e:^osed when the pe vie 
floor and viscera are depressed in forced muscular efforts ren er a 
strong fibrous protective vascular sheath necessary. Hence the toug 
fibrous coating round the uterine and vesical vessels. Alcock s cana 
is formed from the fibrous sheath round the pudic artery and nerve 

(Elliot-Smith). . 

Cervical Fascia. — ^From what has been said of the pelvic fasci , 
nature and arrangement of the cervical fascia will be readily unders oo . 
It is composed of (i) the sheaths of the cervical mimcles (sterno-mas 
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etc.) ; (iv) of tkc sheatlis of vessels (carotid sheath, etc.) ; (i«') the 
sheaths of nerves (axillary sheath, etc.) ; (tv) the fascial capsules of 
viscera, such as the thyroid body, salivary glands, and pharynx. The 
carotid sheath and sheaths of the great vessels extending from the base 
of the skull to the pericardium within the thorax are formed to a great 
extent from mesodermal tissue that was developed withm the visceral 
arches of the pharynx. At Brat the pericardium lies beneath the 
mouth and pharynx. With the development of the neck at the end 
of the 2nd month of foetal life, the cervical structures and their sheaths 
become stretched, but they maintain the ancient connection between 
skull base and pericardium [9]. 

Peculiar Fasciae. — The muscular sheaths on the inner aspect of the 
transvcrsalis, iliacus and psoas also have been regarded as forming 
distinct fasciae. On the other hand, some fasciae are quite discrete 
structures. The palmar fascia is part of the palmaris longus muscle ; 
the plantar, part of tbe plantaris muscle ; the vertebral aponeurosis or 
fascia, part of the layer of muscle which is represented by the serratus 
posticus superior and inferior ; the epicranial aponeurosis is part of the 
platysma sheet. The middle layer of the lumbar fascia represents a 
primary septum developed between the dorsal and ventro-lateral groups 
of musculature (see p. 109). 

Fascial structures bavc also a distinct relationship to the lymphoric 
sysrem. Lymphatics follow the septa and capsules of glands and 
muscles ; the lymphatics of the lung collect in the connective tissue 
separating its lobules. The most lemaikablc of all tbe capsular tissues 
of the body arc those represented by the membranes of the central 
nervous system ; there the cercbro-spiual spaces, or clefts, have separated 
the cerebral capsule into three layers — ^the pia mater, arachnoid and 
dura mater (see p. 201). 

Sir Leonard Hill has also drawn attontion to the part winch enshealh- 
ing fasciae play in assisting the circulation of the blood. Every contrac- 
tion of the muscles of the thigh tends to force the venous blood within 
the sleeve formed by the fascia lata on towards the heart. 

Body Wall.— Having thus traced the evolution of the pelvic floor and 
discussed the nature of fasciae generally in connection with the pelvic 
fascia, we pass on to consider the development and nature of the 
abdominal and thoracic walls. 

Bflateral Symmetry of the Body — ^From a developmental point of view 
the body is made up of two symmetrical halves : each half of the em- 
bryonic plate, taking the medullary groove as the line of division, con- 
tributes equally to the formation of the body. Each produces a half of 
the nervous system, each a half of the vascular, muscular and alimentary 
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systems, so that each individual is in reality made up of two halves, 
right and left, of identical origin. Although the right side of the body 
rises from the same blastocyst as the left, yet each becomes specialized 
structurally and functionally, so that as development goes on there 
appears a very remarkable osjunmetry. Even in the papillary patterns 
of the hands and feet there are standard right-sided and left-sided 
forms (see p. 653). 

Ventral Line o£ the Body. — The structirres which are contained within 
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no. 511. Diagram of the Structures formed in tiic Median Ventral Line of the Body. 

FIG. 512. The Median Ventral Line in an Embryo of 4 weeks, to eontrast with the 

corresponding line m the Adult. 



the right and left body walls become united along the ventral line from 
the mouth to the anus (Fig. 511). The mesoderm, muscle plates, 
dermatomes, nerves and cartilaginous outgrowths, which are produce 
on each side of the median dorsal line of the body, meet along the meman 
ventral hhe. In this line are developed the symphysis of the lower jaw, 
the body of the hyoid bone (copula), the white line of the neck and ang e 
of the thyroid cartilage, the sternum, the supra-imbilical part of e 
Iinea alba, umbilicus, infra-umbilical part of the Iinea alba, symphysis 
pubis, the septum of the penis, and of the scrotum and perineal rap e. 
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The ventral line is continued forwards on the face between the parts 
derived from the right and left mesial nasal processes. 

The idea was at one time prevalent that the whole of this line was 
formed by the fusion of one somatoplenre with the other ; the median 
ventral line was the suture formed by the imion. Such is not the case. 
The blastoderm, which lies at first like a cap on the yolk sac (Fig. 21), is 
produced or folded anteriorly to form the fore-gut and the part of the 
body above the umbilicus ; it is produced posteriorly to form the hind- 
gut and the part of the body below the umbilicus. In an embryo, at 
the commencement of the 4th week, the greater part of the ventral line 



FI' 


is occupied by the umbilicus {Fig. 512). At that time the umbilicus 
is 3 mm. in diameter, the entire ventral line being about 4 mm. At the 
end of the 7th week the ventral line measures 15 mm, ; the umbilicus 
retains its former size, about 3 mm. [10] 

At first the somatopleure shows no trace of segmentation. The 
paraxial masses of mesoderm become segmented in the 4th week and 
form muscle plates (Fig. 84). From each muscle plate [11] of the primi- 
tive segments a process grows down into the somatopleure (Fig. 513). 
The somatopleure thus becomes segmented secondarily, the process of 



580 HUSIAN EMBRYOLOGY AND MORPHOLOGY 

segmentation spreading from the dorsal to the ventral side of the plate, 
but along the median ventral line of the body wall, a band of the 
primitive mesodermal tissue remains unchanged and imdifferentiated. 
In the ventral band between the left somatopleure and the right are 
formed the sternum and the linea alba (Fig. 511). In lower vertebrates, 
in fishes, and to a less marked extent in amphibians and reptiles the 
myotomic segments remain distinct from end to end of the trunk. 
That part of the ventral median line which extends from the umbilicus 
to the anus represents the site of the cloacal membrane — a purely 
epithelial structure. We have seen how the suprapubic part of the. 
cloacal membrane is invaded by the mesodermal tissues on each side 
of it and how the condition knovm as ectopia vesicae results if this 
invasion of the' ventral median line is arrested (p. 514). 

Formation of Ribs. — Ribs, like all true skeletal bones, pass through 
three stages [12] : (t) They are represented by a mesenchymatous of 
membranous basis in the fibrous tissue (septa) between the muscular 
segments of the somatopleure (Fig. 513). The condensation of the costal 
mesenchyme appears at the beginning of the 5th week as a separate 
vertebral elemen (it) The mesenchjmatous basis or blastema of the 
rib becomes cartilaginous, (ni) Periosteal ossification over the cartilage 
follows by the end of the 7th week, but the process of ossification leaves 
the ventral parts of the costal segments untouched ; they form the costal 
cartilages ; in lower forms they become ossified and form sternal ribs. 
The process of chondrification begins at the dorsal end of the ribs in the 
6th week, and spreads ventrally, thus repeating the order in which the 
blastema was laid do'wn. The extension ventralwards of the ribs 
corresponds with the growth and expansion of the limgs ; at the 
beginning of the 7th weeF the ribs scarcely reach the lateral or axillary 
line of the body, but by the end of this week they have efiected a junction 
with the sternal bars (Fig. 517). The ribs from the 1st to the 7th are 
developed in the somatopleure over the pericardium. In lower verte- 
brates, such as reptiles, each rib articulates mth the neural arch of a 
vertebra by two heads, dorsal and ventral (Fig. 78). The tuberosity of 
a rib represents its dorsal head. In man, "with the exception of the 
first and last rib, or in some cases the last two ribs, the costal head is 
placed opposite an intervertebral disc. The bodies of vertebrae arise 
from adjacent parts of two segments ; they are intersegmental m 
position, whereas discs are inteasegmental. Ribs are also mter- 
segmental — all save their heads — ^which are intrasegmental in origin 
(p. 98). In the case of the 1st rib the head has shifted backwards 
to the body of the 1st vertebra, while in the 12th and sometimes the 
11th, the head and tuberosity are fused, and both costal processes 
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articulate with the part of the vertebra which represents a transverse 
process. 

^ The Sternum.— In man and anUiropoids the sternum has become flat 
and highly modified owing to certain alterations in the shape of the 
thorax (Fig. 435). With the adaptation to the upright posture the thorax 
becomes flattened from back to front ; its transverse diameter is as 
great, or greater, than the antcro-posterior. The type of respiration is 
greatly altered. The sternum also becomes wider and shorter. To 
understand the nature of this change it is necessary to note the characters 
of the sternum of a pronograde mammal, such as the dog or ape (Fig. 
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514). In such, the sternum is typically made up of seven segments : 
1. A modified anterior segment, the pre-stemum. 2. Five narrow, 
cylindrical segments or stern<i>rae, forming the body of the sternum. 
3. The ensiform process, a hind segment, complex in nature and ending 
in the mid ventral line. The ensiform process frequently bifurcates, 
but is never segmented. 

The ch.aracters which distinguish the human sternum are : 1. Each 
segment is flat and wide ; 2. the segments of the body fuse together 
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f f resistance to overcome during inspiration than 

^ ^ ■ fr anthropoid apes a new feature 

^ cartilages [16], The 5th, 6th and sometimes 

j . which articulate with the cartilage below, 
en, mspiTation, the diaphragm raises the chest, these articula- 

tions permit it to elevate the 5th and 6th pairs of ribs as well as the 7th 
pair. 

Morphology o£ the Sternum. — ^In amphibia the ventral parts of the 
6r an pe vie girdles develop towards the ventral median line. In 
the mechan hne a rod of cartHage is formed between them (Fig. 516). 

he median rod is differentiated as right and left bars from the ventral 
parts of the limb girdles [16]. The right and left bars fuse to form the 
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median cartilage. The median rod between the shoulder girdles becomes 
the sternum j it is divided into three parts — anterior, 'which projects 
in front of the girdle (omo-sternmn or supra'Stemum) ; posterior, 
behind the girdle ; and the imddle, with which the shoulder girdle 
articulates (Fig. 516, A). The sternum affords a basis from which muscles 
act on the shoulder girdle, and also a ventral basis for the articulation 
of the shoulder girdle. In all classes of vertebrates, the sternum is 
developed over and shields the heart. The median cartilage of the 
pelvic girdle is similarly divided into anterior, middle and posterior 
parts (Fig. 516, B). 

The evolution of a costal type of respiration in reptiles leads to a 
further stage of sternal development. Some of the costal processes of 
the vertebrae grow towards the median ventral line, some of them reach- 
ing and articulating with the middle part of the bar between the shoulder 
girdles ; this part now serves as a fulcrum or sternum for both ribs and 
prdle. Such a condition is also seen in birds and monotremes (Fig. 541)- 
In higher mammals the ventral part of the shoulder girdle retains its 
ventral connection with the sternum only through the clavicle ; the 
sternum still serves as the basis of origin for muscles which act on the 
shoulder girdle and on the arm. Its chief purpose has become respira- 
tory. In the human sternum the three parts of the primitive sternum 
can be recognized : the supra-stemal bones (Fig. 615), which are only 
rarely separated from the presternum [17], represent the anterior part 
(omo-stemura or supra-sternum) ; the manubrium and body, the middle 
part of the shoulder girdle sternum ; and the ensiform process, the 
posterior part. 

Development of the Sternum [18]. In Fjg. 517 four stages in the 
development of the human sternum are represented. Stage A shows 
the extent to which the ribs have become chondrified at the end of the 
Gth week ; the cellular costal blastema, into which the process of 
chondrification is spreading, is not shown. In the following week 
(Stage B) the process of chondrification has reached the middle line in 
the region of the manubrium. The ventral ends of the ribs are now 
joined together by a ventral or lateral sternal bar. The sternal bars in 
the region of the presternum have begun to fuse together across the 
middle line. At their anterior estiemities the sternal bars axe joined 
by the ventral cartilaginous ends of the clavicles. In the presternum or 
manubrium there is thus an element in each side derived from the ventral 
end of the clavicle. In Stage C, about the end of the 8th week, the 
process of fusion is advanced, but the projection of the foetal heart and 
liver at this time (see Fig. 01), tends to keep them apart. Each sternal 
bar has now 7 ribs continuous with it, and its posterior end is free 
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Early in the 3rd month (Stage D) the process of fusion is complete, the 
cartilaginous basis of the sternum has been fonned by the fusion of right 
and left bars. At the end of the 2nd month the diaphragm is descending 
to its final position, the pleural cavities are rapidly forming and the 
liver' is assuming a more abdominal position. Charlotte Muller [19], 
whose illustrations are represented here, found that the mesenchymal 
sternal bars were chondrified as direct extensions from the ribs, 

The sternum is thus developed in the median ventral line over the 



pericardium and between the mandible in front and the umbilicus 
behind (Figs. 511, 513), The mesoderm condenses during the 5th wee ’’ 
on each side of this part of the median line to form the right and le t 
mesenchymal bars of the sternum, which anteriorly are continuous wit 
the bases of the ventral part of the shoulder girdle (Fig. 518). The rig 
and left mesenchymal sternal bars fuse gradually in the middle ® 

process of fusion commencing at the presternum and sprea mg 

backwards. 
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The sternum was regarded by Paterson as a structure arising inde- 
pendently of the ribs on each side of the median ventral line, a view 
which has been substantiated by all later investigations. The other 
view is that each sternal bar is produced from the ventral ends of the 
ribs, each rib contributing a segment to the bar. The evidence of 
comparative anatomy and the difference in the type of the cartilage cells 
in the costal and sternal elements negative such an interpretation. On 
the other hand, all recent investigators are agreed that the manubrium 
sterni develops in a distinctive manner and contains at least one element 
derived from the shoulder girdle [20]. 

In its development the sternum passes through three stages — fibrous, 
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cartilaginous and bony. 1. Fi&rous or Mesenchymal Stage. In the 

7th week (Fig. 518) the costal cartilages are already chondrified. The 
mesoderm on each side of the median line, in which they end, has become 
condensed, and forms the membranous basis of the two sternal bars 
(Paterson). The bars begin to fuse together anteriorly. 2. Cartilaginous 
Stage.—The blastema of each sternal bar begms to chondtify in the 
intervals between the ends of the costal cartilages. The processes of 
chondrification and fusion proceed apace, and hy the commencement of 
the 3rd month the segments of each side have united to form the 
cartilaginous sternal bars (Paterson). Fibrous joints are subsequently 
formed between the prestemum and mesostemum and between the 
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mesosternum and ensiforra process. A fibrous and then syno\nal joint 
is also developed at the union of the costal cartilages vuth the stemmn 
(6th month foetal life), except in the case of the 1st pair, where a synovial 
joint is only occasionally present. 3. Ossification . — centre appears 
for each sternebra ; those for the 3rd and 4th of the mesosternum are 
frequently double, one being placed on each side. The centres for the 
4th mesosternal segment may not appear. The centre for the presternmn 
(there may be two or even more) apj)ears about the 4th month ; the 
centres behind appear in the Gth and 7th month ; that for the 4th 
sternebra of the mesosternum appearing about the time of birth [13] ; 
that for the ensiform in the first year after birth. The process of fusion 
of segments begins behind about puberty ; the segments of the meso- 
sternum are united together by the 25th year. Occasionally a median 
foramen may be seen in the sternum ; it is due to imperfect union of 
the sternal bars. 


The Sterno-Manubrial Joint becomes of gi’eat functional importance ia 
man and those luimates adapted to the upright postiue [21]. Even in 
old age this joint is rarely ossified (8%, Paterson). In man a considerable 
respiratory movement occurs between the manubrium and body of the 
sternum. The manubrium moves in continuity vdth the ventral ends 
of the 1st pair of ribs ; the body of the sternum follows the excursion of 
the 3rd to the 7th pairs of sternal ribs. As a rare abnormahty (com- 
moner in black than in white races) this joint is formed between the 1st 
and 2nd segments of the mesosternum [22]. 

Linea Alba. — The separation of the sternal bars does not represent an 
ancestral phase, but has arisen diuing developmental life to accom- 
modate, first the yolk sac and later the large heart and liver of the 
embryo. In Fig. 519 is shown the early condition of the linea alba 
from the classical research by Bardeen and Levds [23]. The umbilical 
cord is still distended by a loop of intestine, and the two recti are wide 
apart, separated by the medial ventral membrane — ^the primitive linea 
alba. The two sternal bars are also held apart by the condition of the 
umbilical structures ; indeed, the primitive linea^ba is not only wide, 
but also extends from the neck to the perineum. In the 10th week 
there is a marked elongation of the lumbo-sacral region of the spme ; 
the intestines retiun from the umbilical cord to the abdomen, the chest 
wall expands before the grooving lungs and the mesial ventral line 


becomes gradually narrowed. 

In Fig. 520 a transverse section is shown of the muscular layers in the 
anterior or thoracic body cavity of a lizard, and which also represents a 
stage in the evolution of the musculature of man’s body wall [24]. It 
will be seen that there are three layers : an outer represented by the 
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rectus and external oblique ; an inner by the transversalis, and a middle 
double layer— the internal «and external intercostals. In the abdomen 
both strata of intercostals are combined in one layer — the internal 
oblique. The three layers are functionally different ; the transversalis 
is a constrictor of the body cavity ; the middle layer is mainly respiratory 
in its action ; the outer is also respiratory, but chiefly concerned in 
body movements. The musculature of these three layers is developed 
in the soraatopleure, and is apparently derived from the primitive 
segments (see p. 579). An abnormal muscle, the stcrnalis, is present 



Fio 520 Tranttene section of tlie Thoracic Wall of a Lizard to show the Primitive 
Arranffcment of the Jln<e«jJar Strata of the Italy Wall 


in G% of bodies f2l] ; it lies superficial to the origin of the pectoralis 
major and is derived from the primitive rectus sheets. 

Development of Voluntary Masde— Although the evidence of com- 
parative anatomy justifies us in believing that the cells which give rise 
to voluntary muscles in the somatopleure of the body wall and in limb- 
buds are derived from the muscle plates of the primitive segments, yet 
the actual migration in the embryo has not been proved. Nor is the 
proof easy, for at an early stage the cells (myoblasts) which are to give 
rise to muscle fibres are indistinguishable from those which wll give 
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on its surface; the fibres, TOtli unchanged cytoplasm round their 
nuclei, have become enclosed in a special sheath — ^the sarcolemma. 
surrounding cells by their protoplasm assuming a striated appearance— 
the striae being confined to the peripheiy of the cell, the nucleus remain- 
ing central {Fig. D21, A). By the beginning of the 4th month myoblasts 
have become elongated ; they are now multinucleated, the nuclei being 
arranged along the core of the cell — within the striated cortex [25]. A 
cell is thus transformed into a fibre as a result of repeated nuclear 
divisions being imattended by division of the cell body. Fibres retain 
an end to end union. At the beginning of the 5th month of development 
the embiyom'c fibres undergo a further radical change. The nuclei are 
no longer arranged along the core of the fibre, .but have moved to a position 
on its surface ; the fibres, with imehanged cylnplasm round their 
nuclei, have become enclosed in a special sheath — ^the sarcolemma. 



Fig. 521. A, Myoblast from a Human Embryo in the 7th week of development (E. 
Hewer) ; 3, the same in the 9th week (E. Hewer) ; C, 3, E, three early stages m 
the differentiation of a mj’oblast (Godlewski). 


Myoblasts undergo differentiation whether nerve fibres reach them or 
not. Towards the end of the 3rd month (11th week) nerve fibres reach 
the developing myoblasts ; it is then that striation appears in then 
fibrillae and motor end plates are formed (Cuajunco). Myoblasts cease 
to divide and to give rise to new fibres after the 4th month [26]. Yet 
when a fully-grown fibre of an adult is injured repair is effected by the 
nuclei of the injured fibre dividing and redividing until the defect is 
made good. After birth muscle fibres grow in size but not in number. 
Lockhart and Brandt observed, in a foetal sartorius which was 5 mm. 
long, that a fibre extended from end to end of the muscle ; this is also 
the case in an adult sartorius, where fibres may have a length of 400 mm. 
ATldbre can contract to less than half of its resting length (Haines). 
Tendon fibres are developed in the same way as myoblasts, only they 
contain no myoplasm. 

Muscle Spindles. — ^These intra-muscular sensory bodies, which Sir 
Charles Sherrington discovered in 1894, become differentiated in the 9th 
week — at first being indistinguishable from other myoblasts. The 
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myoblasts ^bich are to become muscle spindles undergo the same changes 
as other myoblasts, except that they stop short at the stage where their 
nuclei are arranged centrally. In the 3rd month a capsule is formed 
round the spindle on and in which both sensory and motor nerves 
temnnate, for spindles retain the power of contractility [27]. 

Embryonic cells of all kinds have the power to contract and to move. 
This power becomes enhanced in muscle cells by the provision of a special 
structure. Prof. Eben Carey, by subiecting the musculature of the 
bladder to recurrent stresses, has caused plain muscle cells to assume a 
striated structure [28]. 

How the growth of muscles is regulated, so that they extend at the 
same rate as the bones, skin, arteries and nerves which lie beside them 
is not known. Dr. Wheeler Haines is of opinion that bones serve as 
pacemakers in grorring limbs [29]. 
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on its surface ; the fibres, with unchanged cytoplasm round their 
nuclei, have become enclosed in a special sheath — ^the sarcolemma. 
surrounding cells by their protoplasm assuming a striated appearance— 
the striae being confined to the periphery of the cell, the nucleus remain- 
ing central (Fig. 521, A). By the beginning of the 4th month myoblasts 
have become elongated ; they are now multinucleated, the nuclei being 
arranged along the core of the cell — within the striated cortex [25]. A 
cell is thus transformed into a fibre as a result of repeated nuclear 
di\nsions being unattended by division of the cell body. Fibres retain 
' an end to end union. At the beginning of the 5th month of development 
the embi^onic fibres undergo a further radical change. The nuclei are 
no longer arranged along the core of the fibre, .but have moved to a position 
on its surface ; the fibres, with unchanged cytoplasm round their 
nuclei, have become enclosed in a special sheath — ^the sarcolemma. 



E. 


Fig. 521. A, Slyoblast from a Human Embryo in the 7th week of development (E. 
Hewer) ; £, the same in the 9th week (E. Hewer) ; 0, D, E, three early stages In 
the differentiation of a myoblast (Godlewski). 


Myoblasts undergo differentiation whether nerve fibres reach them or 
not. Towards the end of the 3rd month (11th week) nerve fibres reach 
the developing myoblasts ; it is then that striation appears in their 
fibrillae and motor end plates are formed (Ouajunco). Myoblasts cease 
to divide and to give rise to new fibres after the 4th month [26]. Yet 
when a fully-grown fibre of an adult is injured repair is effected by the 
nuclei of the injured fibre dividing and redividing until the defect is 
made good. After birth muscle fibres grow in size but not in number. 
Lockhart and Brandt observed, in a foetal sartorius which was 5 mm- 
long, that a fibre extended from end to end of the muscle ; this is also 
the case in an adult sartorius, where fibres may have a length of 400 nun. 
AnBbre can contract to less than half of its resting length (Haines). 
Tendon fibres are developed in the same way as myoblasts, only they 
contain no myoplasm. 

Muscle Spindles. — ^These intra-muscular sensory bodies, which Sir 
Charles Sherrington discovered in 1894, become differentiated in the 9th 
at first being indistinguishable from other myoblasts. The 
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anterior, prea^dal or cephalic and posterior, postaxial or caudal. It is 
generally held that the lateral ridge, of which the limb buds are special- 
ized parts, represents a continuous row of lateral fins. If this view is 
right, then the fore- and hind-limbs represent highly specialized fin-rays.-; 

A section shows each bud to be composed of undifferentiated mesoderm, 
with a covering of ectoderm (Figs. 609, 529). The bud represents in 
structure a process of the undifferentiated mesoderm of the somatopleure 
or body wall ; hen ce the limbs are to be re earded-no t as structures 
develop ed Jrom the axis of the embryo, but as processes o f the body wall. 
At one time it was believed that extensions grow mto'ea’cFlimb'*bud from 
the muscle-plate and skin-plate (dermatome) of the segments which are 
situated opposite the origin of the bud, but this view is not now 



FlO. 522. LatcTftt View of 0. Uuaisn Embryo at the be^lnatng of 5th week, Bhnwltig 
the Limb-Buds. Lateral Itldgea and Frimitive SegmeDts. 

accepted [6]. Eac h corresponding se g ment oft hejpinaLcord.sends to 
the limb bud a nerve process . At least seven body seg ments con tribute 
to the formation of each limb (Fig. 513). "Dut^owths from the myo- 
tomes into the limbs have been observed only in the embryos of lower 
vertebrates ; their occurrence in higher vertebrates was inferred. 
When the arm musculature becomes apparent'as a mass in the Gth week, 
it shows no signs of separate segmental origin. 

Experiments on Limb Buds. — ^Limb buds have been excised from tad- 
poles and developing chick embryos and kept alive by placing them in 
cultural media or transplanting them to other tadpoles' or to the chorio- 
allantois of chick embryos. The results of such experiments go to prove 
that in limb buds, at their earliest stage, there is no “ determination ” 
of parts. Differentiation appears in the following order: first, the 



CHAPTER XXIX 


DEVELOPMENT AND DIFFERENTIATION OF THE 

LIMB BUDS 

Evolution o£ Limlis. — The nature of the primitive structures from 
which limbs were evolved is still a much debated question [1]. The 
manner of their development in vertebrate embryos makes it certain that 
they were not outgrowths from the paravertebral or, axial systemj in . 
every case they sprout out from, the somatopleure, the outer wall of the 
body cavity, and are always supplied by the nerves of that lanuna 
the ventral branches of the spinal nerves [2]. We are siiso ^ertai^hat 
the limbs correspond to the pectoral and pelvic ^s of fishes. Tt is clear 
that when land-living vertebrates were evolved, the slight structmes 
which were equal to the balancing and finer movements of an animal 
suspended in water had to undergo great modifications in order to become 
capable of moving and supporting the body on a solid medium. It was 
with the evolution of pulmoniferous" land-ii\dng vertebrates that a very 
definite type of limb made its appearance. In aU cases the Knab of a 
primitive Tetrapod is built on the same plan ; it is made up of a basa 
segment or girdle, with a free part divided into proximal, middle an 
distal segments. The distal segment carried 5 digits. 

Although man has departed greatly from the primitive mammahan 
type in the structure of his brain and trunk, yet in the elements whic 
enter into the formation of his limbs he has retained more of the ancesto 
mammalian features than many other mammals. He retains the origina 
number of digits ; the bones of his hand and foot are much less specialize 
than those of the horse. It is true that the skeleton of his lower 
extremity has been extensively modified for his plantigrade posture, 
yet under all the adaptational features one can see very clearly t e 
outlines of a most primitive form. He comes of a stock which led an 
arboreal existence almost from the dawn of the mammalian type [3]. 

Embryonic Limbs. — ^The limbs begin to appear at the end of the 4t 
week [4]. A shght elevation or ridge is then seen to nm along t e 
dorsal border of the somatopleure, at some distance from the row o 
primitive segments formed in the paraxial mesoderm (Fig. 522). The 
limb buds spring from this ridge as flat processes with an upper, 
or extensor smface, and a lower, ventral or flexor surface ; the arm bu 
is some two days in advance of the leg bud. The two borders are 
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the result of local arrests of the embryonic circulation [9]. Often fibrous 
bands are formed as a result of local necroses — such bands being 
erroneously regarded as of amniotic orig^ (see p. 71). 

/ The Internal Differentiation of Tissues begins at the basal part of 
the limb and spreads towards the di^ts, the terminal phalanges being the 


thhn 



I'lQ Four stages in ttic dcvrloptnent of tho Louer Llmtr^at tlie 5th, 6th, 7th 
and Sth'KCeks (Aflvrllb) 


last of the skeletal parts to become differentiated (8th week). The 

mcsodf’— * -T _ - 1 - . ' . j ‘ .1 - 

form^ ■ t* .. . in the 6th 

wee k. ' ! • , ‘ j ts are to be 

formed there occur first a condensation and then later, within the septal 



W*rtema oni» Upper Estt^njlty of * Human Embrro io the 
^ of •i*' rlopnient The ceotiea of choitdnfication are Indicated (W. H. 


condensation, an oponfonnationiatVearrangoment of the cells. Centres 
of chondrification appear in the skeletal blastema of tbe arm late in the 
Gth week (skatt of hnmcTOs) and the leg in tic 7th week (shaft of femur). 
The condition of the skeletal blastema of the arm of a human foetus in 
the 7th week of development is shown in Fig. 025. The centres of 
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preaxial border is determined ; secondly, the transverse axis, prosimal 
and distal parts being thus determined ; thirdly, extensor (dorsal) and 
ventral (flexor) surfaces become fixed in their destiny. Thus the results 
obtained by transplantation vill depend on the stage of differentiation 
reached by the transplanted bud [G]. The early experiments of Dr. 
Ross Harrison showed that the somatopleure can influence the develop- 
ment and characterization of undetermined h’mb buds [7]. If the limb 
bud of a tadpole is grafted in an inverted position — so that the extensor 
surface is applied to the somatopleure and the shoulder end directed 
ventrally — then such a bud suffers a transposition of parts ; if it was 
originally a right-arm bud it assumes the character of a left arm although 
implanted on the right side of the host tadpole. Limb buds may be 
evoked from the somatopleure by artificial stimuli ; the nasal placode 
when grafted on the side of a tadpole may cause the adjoming tissues 
to produce a limb bud [8]. The presenee of nerves is not necessary for 
the full development of limb buds. On the other hand, if an extra 
limb bud is implanted, the posterior root ganglia which are dorsal to the 
graft increase in number and in size. 



Changes in External Conformation. — In the 5th week (Fig. 523) the 
limb buds are unsegmented ; in the .6th.a„.c,onstrictionjmarks the hand 
.off ; the position of the elbow being indicated later in the same week. 
In the 7th week the fingers appear as thickenings in the webbed hand, 
the middle digit being indicated first. They become free at the end of 
the .8th week ; occasionally they remain attached, the child being born 
'- with its fingers in a syndactylous condition. The shoulder remains 
buried in the body wall ; the skeletal structures of the upper arm and 
thigh are the first to be differentiated ; those of the fore-arm and leg 
precede the cartilaginous differentiation of the shoulder and pelvic 
girdle. In all the embryological changes the upper extremity is some 
days ahead of the lower. Limb buds may undergo a complete arrest 
of growth and differentiation, appearing in the newly born cHld as mere 
papules. Or the limbs may imdergo great' damage and distortion as 
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of an adult were placed in tbe prone position, it -would be necessary in 
order to restore tbe limbs to tbeir embryonic position, (0 to draw them 
out at right angles to the axis of the body ; to rotat^he leg cmp^ards 
so that the extensor surface of the knee is directed^ PK^^^>»^th the 
great toe m front and the little toe behind; (iti) th2,aitn».onJhe>Dther 
hand; would require to he rotated -inicards .to .bring -the elbow (extensor 
surface) jnto tbe _dorsal positio n. rotetion_ which brings _^the 

embryonic limb^ i nto th e a dult p osition appears to occur ^the junc tion 
^ ihe limbTgirdle -with the trun kniTIimir bu'd'is'reimplanted inX 
rotated position, this rotation will'become undone in the course of time, 
the tissues of the trunk bringing the bud back to its normal position [11]. 



Flo. &se. The SVdetftl Blutems of the Lower Extremity of a Bumxh Emtiryo In the 
7th veek—K mm long (Usrdeen) Inset bthe outline of the npperpan of the 
Lower ExtrenUty of a Uur>l (Farsons ) 


Eotation of the Limb Girdle, — ^To estimate the extent of the rotation it 
is advantageous to compare the scapula and ilium and pick out their 
corresponding points. The extensors of the thigh and arm may be 
taken as guides [12]. TheJaDg^head_ofJheJ:ricepajxnd.rectus.femori3 
of the .quadriceps raanifest ly^correspond-; their points of origin — the 
anterior_border_of.thej liun i and axillary border of the scapula — may be 
regarded as homologous points. The'^dth’er corresponding^ points are 
shown m Fig. 527 . The sacral articul ar surface o f the il^m c orrespo nds 
to,part j) f the supra -spinous fossa. To restore the limb girdles to their 
primitive andcoHespbnaing'poiiGons, the scapula has to be rotated so 
that its axillary border comes to occupy the position normally held by 
the scapular spme, while the ilium has to be placed at right angles to the 
spine and its anterior border rotated outwards until it occupies a position 
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cLondrification have appeared for the humerus, radius, ulna and certain 
of the carpal bones ; the centres for the phalanges have not yet begun. 
The scapula, acromion and clavicle (outer part) are continuous in the 
fibrous stage ; a common centre appears for scapula and acromion, the 
outer clavicular blastema is chondrified separately. Before the end of 
the 2nd month the cartilaginous bases of all the arm bones have appeared. 
Centres of ossification begin to form in the latter part of the 2nd month, 
and correspond generally to the centres of chondrification. During the 
3rd month the skeletal blastema between the chondrified bases of the 
bones, by a process of vacuolation within and between the cells, opens 
out into a cavity and forms the synovial membranes of the joints (Fig«, 
551). By the end of the 6th week the proximal muscles,, vessels ai^^ 
nerves are appearing ; a week later, they arc also apparent in the distah 
parts of the limbs. The tissue left over, not included in these structuies)| 
forms their sheaths and the fasciae and connective tissue of the limb} 
(see p. 573). The processes of nerve cells to form nerves and o| the 
blastema to form muscle-fibres are apparent within the limb bud m 
the 6th week. The blood-vessels appear first as a capillary plexus whic | 
permeates the whole bud ; gradually the arterial stream becomesj 
concentrated in one capillary chain which is estabhshed as the mam 
artery of the bud. The blood from the capillary plexus passes to collect^ 
ing marginal vessels, arranged along both anterior and posterior bor ers 
of the limb bud [10]. This plexus follows the ingrowing nerves ; m / 
some mammals (the lemur, etc.) the embryonic plexus persists / 
nerves and forms the p/ejcus mirabilis. The limb vessels are derive om 


the segmental branches of the aorta. , 

Skeletal Blastema o£ Lower Extremity.— About the end of the 7th weet 
the blastemaof the ilium becomes joined to the costal masses of tlm 1st, n 
and 3rd sacral vertebrae (Fig. 526). The scapula, which at the begmmng 
of the 2nd month Kes’ opposite the .4th, 5th, 6th, 7th cervical vertebrae, 
retains its freedom (Fig. 525). By the end of the 7th week the ^rtilage 
centres have appeared for the majority of the bones of the lower extremi y 
(Fig. 526). The centres for some of the tarsal bones and for the phalanges 
are formed before the end of the 2nd month, the terminal phalanges bemg 
demarcated before the middle phalanges and also ossified before them 
(Todd). The acetabulum develops at the site of union of the ac, 
ischial and pubic cartilages at the end of the J^d month. At ^a ime 
the femur has no neck — a condition seen in reptiles (Fig. 526). Ihe nec 
begins to form early in the 3rd month. In the 3rd month the symp ysis 


:^^Tordon Sd Rotation of the Limbs.— In the earliest stages 

are so placed that the knee and elbow are directed upwards. It the o 
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senting a “ miiror-imoge ” of the right scapula— ^hich certainly is true. 
Prof. "M. R. Drennan, recognizing this truth, compares the left arm -with 
the right leg and vice versa [15] There is no evidence that a rotation of 
the elements'’of the limb girdles takes place during development. A 
reference to Pig. 528 will show that there is a correspondence between 
the structures on the postaxial border of the fore-limb and on the preaxial 
border of the hind-limb. The suhscap^Misj tercs major and latisamms 
dorsi.(/4), derivatives of a common fleXOT mass, correspond to,the iUo- 
pso as— also t£e derivative’of a. common flexor mass {A^h^The triceps 
and (quadriceps (C, C^) also agree ; so do the olecranon and ulna with the 
patella and tibia. The specialization of the proximal digit of the hand 
to form a poUex and of the first of the foot to form a hallux occurs, 
only in primat es. The mirror-image theory particularly applies to the 
distribution of nerves. To explain this peculiar relationship which 
exists between the fore- and hmd-limbs of the same side in vertebrates 
one is tempted to suppose that they represent anterior and posterior 
halves of a single primitive locomotory appendage ; the line of separation 
is represented by the adjacent borders of the limbs. On such a theory 
the adjacent borders should be constituted alike. 

Segmental Nature oi the Limbs.— The nerves of the limbs, possibly also 
the muscles, vessels and skin, ate derived from a number of the prinutive 
body segments. The jlthjcervical.tp the 2n^orsal contribute to the 
formation of the upper extremity ; the jst lumbar to the 3rd s acral to 
the lower, but in man the extent to which the most anterior anS'lnost 
posterior of each of these contributes to the limb varies considerably. 
Since the processes of the skin- and muscle-plates of these segments 
retain in the limbs (so we infer from the study of limbs of lower verte- 
brates) their original nerve supply, it is evident that the muscles and skin 
of the human limbs may be assigned to their original body segments by 
a study of the distribution of the nerves. Such a study has been carried 
out by a great number of anatomists [16]. The primitive simple 
arrangement of muscle segments may be seen in the fins of certain fishes, 
but in man these segments have undergone much redivision and 
reassortment in the course of evolution ; yet the primitive arrangement 
can be recognized. 

Nerve Supply o! the Limbs. is important to note that 

the limb buds arise from the vcntro-latcral aspect of the trunk (Fig. t>29) 
near the junction of the somatopleurc with the paraxial mesoderm. 
Therefore the nerves of the limbs arc the nerves of the ventro-lateral 
zonc[17]--the lateral cutaneous branches of the typical segmental 
nerves (Fig. 530). The muscles arc derived from the ventro-lateral sheet 
which gives rise to all the muscles of the body wall. As soon as the Wmh 
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corresponding to the axillary border of the scapula (see Fig. 527). The 
free edge of the spine (scapular) represents a former border of the scapula ; 
the supra-spinous blade of the scapula appears first in manmals. 



Fjo. &27. Tho CoiTPspondlnj? Points (A, B, C nnil D) in the Ilium and Scapula. 


There is manifestly a spiral t\dst in the humerus, but it is doubtful if 
this be in any way due to the torsion which the limb undergoes [II]- 



FIG 528. Diagram ofthe Fore- and Hind-Limbs ofthe same side to show the Mirror- 

image ” Belationsliip between tlieir Constituent Parts. The vertical line passing 
through the umbilicus is regarded as the centre from which the two limbs have 
become differentiated. (After Parsons and Geddes.) 

Prof. Parsons [13] and Lord Geddes [14] have shown that although 
' there is a direct correspondence in the elements of the upper and lower 
extremity, the correspondence is a reversed one — ^the right ihum repre- 
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plexus (Figs. 631, 532). As they enter the bud, the nerves encounter 
the condensed skeletal blastema at its base and divide into a dorsal or 
extensor set and a ventral or flexor set (Figs- 529, 530). 

The relationship of the segmental nerves to the arm-bud in the Gth 
week of development is shown in Fi g. 5 31 — a drawing taken from Dr. 
George Streeter’s research [18]. The base of the arm is then situated 
in the cervical region ; the hypoglossal nerve issues almost at its anterior 
border. The arm descends tailwards during the 2nd month, the nerves 
consequently undergoing an elongation. The ventral divisions of the 
spinal nerves from the Vth cervical to the 1st dorsal have entered the bud, 
and already the chief nerves can be traced. The brachial plexus is 
formed ; the interlacing of fibres does not arise owing to a compression 
of the nerves due to a lack of room, but represents a physiologicaL or 
functional adaptation. Prof. Goodrich [19] found that in fishes only 


CCRVICAU OOOSAl. 



Fia. 531. FlO. 532. 

FiO. 531. The Arm-Sud sndits N«rv«8ta sHumsD Embryo Id the 6th week ofdevelop. ' 
meat (After Streeter.) 

FiQ. 632. The Bud of the Lower Extremity with Its Relationship to Spinal Kerres Id 
a Human Embryo In the 0th week of development. (After Streeter.) 

the posterior root or sensory fibres entered into the plexiform arrange- 
ment — the motor or ventral fibres proceed into the limb without 
exchanging fibres. By the beginning of the 3rd month all the muscles 
and nwvcs are differentiated. In Fig, 530 the distinction between the 
nerves of the extensor and flexor aspects of the limb b shown. 

In Fig. 532 the bud of the hind-limb of the same embryo b represented. 
It will be seen that the stage of development b less advanced than in the 
arm. The crescentic base of the limb b in relationship with the spinal 
nerves from the Ist lumbar to the Illpd sacral. The crural and sciatic 
plexuses are continuous ; their separation occurs in the 7th week, when 
the ilium becomes attached to the (xistal processes of the first three 
sacral vertebrae. 

The nerve supply assbta to indicate the body segments in connection 
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buds appear, bundles of fibres from the anterior and posterior nerve roots 
of the corresponding body segments enter them and keep time with their 


mural 


ost root gang. 



muscle plate 
sp. nerue 

basis of head 
of humerus 

nerves of flex. asp. 


nerue to somatopleure 
somatopleure 


Fio. 529. Section of the Arm Bud of a Human Embrj’o at the end of the 6th week. 

(Alex. Low.) 


dorsal spinal musc.J- 
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Fig 530. Schematic section to show the primitive grouping of the Nerves and Mus- 
culature of Limbs. (After Kollmann.) 




srovrth. The limb nerves are at first so large in comparison with the 
size of the limb bud that they are crowded together and already form a v> 
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joins the median below the mBertion of the cotaco-brachialis j this 
communication is very common in lower primates ; its meaning is not 
known. (Hi) A coinmxmication between median and ulnar in the fore- 
arm is also common and is seen constantly in some primates. The 
communicating branch passes with the deep branch of the ulnar nerve 
to the palm. It is also manifest that there is a correspondence between 
the musculo-spiral (radial) nerve on the proximal border of the arm 
and the sciatic on the distal border of the leg. 



Formatipn„ol.Ketve. Plexuses depc^^pn^hc followin g factors [22] : 
(i) Each skin segment is supplied not only by its own nerve but by the 
nerve of the segment in front of it and behind it. (ti) A muscle segment, 
such as may be seen in the rectus abdominis, is supplied by its own and 
the two adjacent nerves, the fibres forming a plexus before entering the 
muscle, (iti) Each muscle is formed by the combination of parts of 
two or more segments, and therefore its nerve rises from two or more 
spinal nerves, (iv) The muscles of the limbs have migrated from their 
original positions and earned their nerves with them. (i>) Jlost imports 
ant of all, the afferent or sensory fibres from a muscle have to be linked 
to the spinal centres of all its antagonists or coadjutors. These are some 
of the circumstances which have led to nerve fibres being assorted into 
definite cords at their first outgrowth. 

Nerve Supply o! the Lower Limb,— Usually ten segments contribute to 
the ne^^’o supply of the lower limb— the 12th dorsal to the 4th sacral 
(Fig. 535). The sensory nerves arc derived from these segments ; the 
motor nerves begm at the Ist lumbar segment and end at the 3rd sacral. 
There is a considerable variation in the number of body segments or 
vertebrae to which the lower limb is attached ; usually it is the 2Dth 
vertebrae that becomes the Ist sacral, but it may bo the 2Gth or 24th 
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with which the arm is developed (Fig. 633). The 4th cervical is the most 
anterior; the 2ud dorsal, sometimes it is the 3rd, is the most posterior 
segment. Hence the arm is produced from seven, or more commonly 
eight, segments in all. Each segment contributes from its nerve, its 
muscle-plate and probably also, at a very early stage of development, 


from its artery [20]. The typical distribution of a segmental nerve to 

the limb-bud is shown diagrammatically j 
post. roof gangffa — qj in Fig. 530. Each segmental nerve, | 

f _ as is the case with the typical lateral! j 

• n * . 1 t! 


muscles. The 

^ nerves to the esixinsor muscles form 

0.6 ■■ ■ I-/ • the dorsal divisions and cord of the 

brachial plexus; the nerves to the 
G, flexor muscles form the ventral divisions 

and the outer and inner cords. The 
\ p 2 processes to the limbs from the skin- 

plates and muscle-plates are also 
Q f divided into dorsal and ventral sets . 

I the one set makmg up the extensor 

aspect of the limb, the other the 
V ': flexor aspect. 

'•'•■I Clinical and experimental research 

v} have shown that each of the seven or 

' eight segments contributes to the 

cutaneous supply of the limb. The 
classical investigations of Sherrington 
segmental distribution of 
the sensory nerves in the limbs of apes 
^ showed that they are arranged in a 

definite and orderly manner (Fig. 534). 

, ^ The sensory distribution of the spinal 

Fia. 533. The Distribution of the Pos- ^ J . -.'Uriwn 

terior Roots of the Spinal Nerves nerves in the humau arm IS Snuvvn 

onthePlexor Aspect of the Arm. uerveo , _ 

diagrammatically m Fig. ooo. r 
distribution of the motor nerves of each segment is fully described m 
anatomical text-books. ..nnpr 

Only three anomalous points in the arrangement of nerves mt pp 

limb require attention : (i) The segments which supply nerves or 
arm are Bearly constant.. The extent to which the 4th oer-c"rf 
dorsal contribute varies ; the degree of variation is markedly 
in the lower limb, (n) A part of the musculo-cutaneous nerv 


^pk| ‘ cutaneous nerves, divides into a dorsal j 
division for the extensor muscles and 
4-l'./s Anv-rtT TmiHP.lp.t?. Thel 


0.6 ,■■■; 




Fig 533. The Distribution of the Pos- 
terior Roots of the Spinal Nerves 
on the Flexor Aspect of the Arm. 
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joins the median below the insertion of the coraco-brachialis this 
communication, is vety common in lower primates ; its meaning is not 
known, (tu) A communication between median and ulnar in the fore- 
arm is also common and is seen constantly in some primates. The 
communicating branch passes with the deep branch of the ulnar nervh 
to the palm. It is also manifest that there is a correspondence between 
the musculo-spiral (radial) nerve on the proximal border of the arm 
and the sciatic on the distal border of the leg. 



FormationjDiJ^etve. Plexuses depends on Jh c. follo wing factors [22]: 
[i) Each sldn segment is supplied not only by its onm nerve but by tie 
nerve of the segment in front of it and behind it. [ii) A muscle segment, 
such as may be seen in the rectus abdominis, is supplied by its own and 
the two adjacent nerves, the fibres formmg a plexus before entering the 
muscle, (i'll) Each muscle is formed by the combination of parts of 
two or mote segments, and therefore its nerve rises from two or more 
spinal nerves, (iv) The muscles of the limbs have migrated from their 
original positions and carried their nerves with them, (u) Most import- 
ant of all, the afferent or sensory fibres from a muscle have to be linked 
to the spinal centres of all its antagonists or coadjutors. These are some 
of the circumstances which have led to nerve fibres being assorted into 
definite cords at their first outgrowth. 

Nerve Supply oi the Lower Limb. — ^Usually tea segments contribute to 
the nerve supply of the loiver limb — the 12th dorsal to the 4th sacral 
(Fig. 535). The sensory nerves arc derived from these segments ; the 
I motor nerves begin at the let lumbar segment and cud at the 3rd sacral. 
There is a considerable variation in the number of body segments or 
vertebrae to which the lower bmb is attached ; usually it is the 25th 
vertebrae that becomes the Ist sacral, but it may be the 2Gth or 24th 
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cresf of ilium 

D.11 
D.12 


(p. 89). Of tlicse three forms, tlic first is the normal type (25th) ; 
the second the post-fixed type {26th) ; the third the prefixed type 
(24th). There is even a greater variation in the segments -which con- 
tribute nerves to the limb ; the normal motor segments are the 1st 

lumbar to the .3rd sacral ; in the post- 
"post root gangl. fixed t^'po (a more common t}npe than the 

next) the motor segments commence at 
the 2nd lumbar and cease at the 4th 
sacral ; in tlie prefixed type the motor 
segments commence at the 12th dorsal 
and end at the 2nd sacral. These three 
' jtypes grade into each other. The spinal 
I nerve -which bifurcates and joins both 
lumbar and sacral plexuses is known as 
the nervu.s^fuTvalis. In the normal 
' type it is the IVth lumbar ; in the pre- 
fixed type it is the JJLird lumbar ; in the 
post-fixed type the Vth lumbar. The 
nervus bigeminus, going -to sacral and 
• • pudendal plexuses and which is normally 
the TTTr d sacral, may also vary in a cor- 
responding manner. 

The nerves "to the extensor surface 
of the lower hmb, the anterior crural 
(femoral), external popHteal (common 
peroneal), etc., represent the dorsal 
divisions of lateral cutaneous nerves 
(Fig. 530). The nerves to the adductor 
and flexor aspects, the obturator and 
intemal popliteal (tibial), represent the 
ventral divisions. In a considerable 
number of indi-viduals the dorsal di-vision 
(external popHteal) and ventral (internal 
popHteal) of the great sciatic separate in 
the pelvis, the external popHteal per- 
forating the pyriformis. The segmental distribution of the motor 
nerves in the lower extremities is given at length in text-books on 
anatomy. The muscular segments correspond approximately in their 
distribution with those of the skin. It will be remembered that the 
perineal region is developed behind the Hmb buds of the lower extremities 
(Fig. 513) : hence its nerve supply from the most posterior nerve seg- 
ments (3rd and 4th sacral). 



FlQ. 535. Flexor aspect oC the Lower 
Limb, showing the Sensory Uistri- 
bution of the Segmental or Spinal 
Nerves. 
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Sherrington found that the posterior roots of the limb nerves were 
distributed in a regular and simple manner in apes. His results are 
applied to the dower limb of a human foetus in Fig. 534. The actual 
distribution in man, which has not been completely worked out by 
clinicians, varies considerably from what might be expected from 
Sherrington’s results (compare Figs. 034 and 535). 

In the human leg and foot there is a tendency for nerve fibres destined 
for the outer digits to proceed in the external saphenous (sural) nerve 
instead of by the musculo-cutaneous (superficial peroneal). The 
external saphenous nerve may supply the 4th and 5th digits (the ancestral 
form) in a manner similar to the ulnar nerve in the hand ; more fre- 
quently it is confined to the outer side of the 5th digit. The outgrowing 
fibres of the obturator nerve may be divided into ventral and dorsal 
parts hy the blastema of the pubis. In such a case the more ventral 
fibres cross the ramus of the pubis and form the accessory obturator nerve. 

How do nerve fibres which enter a developing limb bud find their 
way to their appropriate destinations ? There is some mode of guidance, 
but its nature remains uncertain. If the entrance of neiro fibres from 
one or more segments is prevented, their place is taken by fibres from 
adjoining segments. If a muscle is deprived of its innervation, it 
manifests a power of attracting a fresh supply [23]. 
vVessels.oI the Limbs. — ^When the limb buds are being formed in the 
6th week they are permeated by a capillary network, which in the case 
of the arm is chiefly fed by the artery of the_7th cervical segment [24], 
^ile in the case of the leg-bud the chief axial artery arises from a pelvic 
'-mrterial plexus — soon connected with the internal iliac (hypogastric) 
artery. During the 6th week the main arteries of the limbs are being 
evolved from pathways in the primary capillary plexuses ; by the end 
of the 8th week, all the important arterial channels have been laid down. 
Every student knows how frequently the arteries of the leg and atm 
depart from the arrangement which is regarded as normal. Comparative 
anatomy and embryology throw light on these arterial anomalies [25]. 

In Figs. 530, 537, the upper and lower limbs have been placed in 
corresponding positions — the extensor surfaces being directed upwards 
and a scheme of their arteries depicted in relationship to their skeletal 
elements. In each limb bud there is developed a main or axial artery, 
certain parts of which ore suppressed in the 8th week while other acces- 
sory vessels are developed. The arial artery of the upper limb persists 
as the subclarian, axillary and brachial trunk.s, but in the lower limb 
the corresponding trunk (Fig. 537) is suppressed, as Prof. Senior has 
shown, during the 8th week of development— save for the sciatic branch 
of the internal iliac artery and the anastomotic chain along the sciatic 
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investigations, the axial artery passes deep to the popliteus muscle ; 
the part which lies deep to the muscle becomes reduced during the 8th 
week and a new vessel develops superficial to the muscle. "The part of 
the popliteal artery proximal to the popliteus muscle is deri%'ed from the 
axial vessel, the part lying on the popliteus from the new trunk. In 
the anticubital space the corresponding axial vessel disappears, the 
terminal part of the braclual artery with its di\-isional trunks — the 
ulnar and radial arteries— representing later channels. 

In the fore-arm the axial vessel is represented by the anterior (volar) 
interpsseiis, continued into the hand to give of! the palmar mterosseus 
vessels— the primary blood supply of the band. On the extensor or 
dorsal aspect of the interosscus membrane of the fore-arm develops the 
dorsal interosscus artery of the fore-arm fed by branches of the axial 
arter}’ which perforate at the proximal and distal ends of the membrane 
(Fig. 536). In the leg the axial artery disappears, save its distal part, 
which is incorporated in the peroneal arterj' (Fig. 537). As in the fore- 
arm, perforating branches pass to the dorsal aspect of the mterosseus 
membrane to form the anterior tibial artery. 

Having thus traced the fate of the axial artery in each limb, we now 
turn to the origm of the great secondary channels. The external iliac 
artery and its continuation, the femoral artery, open up a new channel 
to the lower limb along the course of the anterior crural or femoral nerve. 
The channel anses from the umbilical artery proadmal to the origin of 
the internal iUac (the aadal vessel), and by the end of the 7tb week has 
effected a union with that part of the axial vessel which lies in the 
popliteal space (Fig. 537). In the upper limb there is no corresponding 
arterial trunk, although communications between the suprascapular 
(transverse scapular), circumflex and superior deep branch of the brachial 
artery may represent it. In both the log and fore-arm more superficial 
secondary channels are formed— the ulnar and posterior tibial arteries 
and their branches which end in the superficial palmar and plantar arches 
(Figs. 536, 537). In all primates with the exception of man, the femoral 
artery, before piercing the adductor magnus, gives o5 a large branch, 
the saphenous crtery, which accompanies the long saphenous nerve and 
turns to the extensor aspect of the leg above- the internal malleolus, 
where it becomes the dorsal artery of the foot [25, Aasar]. At no stage of 
human development docs the saphenous artery Ber\'e as a main chamiel, 
but the superficial branch of the anastomotica magna, which represents 
this vessel in man, is more highly developed at the 8th week than it js 
at any subsequent period. The saphenou-s artery corresponds to the 
radial of the upper limb. 

Vas Abenans.'— At a very catly stage pth wcel:) tierc is developed 
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investigations, the axial artery passes deep to the popliteus muscle ; 
the part which lies deep to the muscle becomes reduced during the 8th 
week and a new vessel develops superficial to the muscle. The part of 
the popliteal artery proximal to the popliteus muscle is derived from the 
axial vessel, the part lying on the popliteus from the new trunk. In 
the anticubital space the corresponding axial vessel disappears, the 
terminal part of the brachial artery with its divisional trunks — the 
ulnar and radial arteries— representing later channels. 

In the fore-ann the axial vessel is represented by the anterior (volar) 
intgrasseus, continued into the hand to give of! the palmar interosscus 
vessels— the prunary hlood supply of the hand. On the extensor or 
dorsal aspect of the intetosseus membrane of the forc-atm develops the 
dorsal intcrosseua artery of the fore-arm fed by branches of the axial 
artery which perforate at the proximal and distal ends of the membrane 
(Fig. 536). In the leg the axial artery disappears, save its distal part, 
which is incorporated in the peroneal artery (Fig. 537). As in the fore- 
arm, perforating branches pass to the dorsal aspect of the interosscus 
membrane to form the anterior tibial artery. 

Having thus traced the fate of the axial artery in each limb, we now 
turn to the origin of the great secondary channels. The external iliac 
artery and its continuation, the femoral artery, open up a now channel 
to the lower limb along the course of the anterior crural or femoral nerve. 
The channel arises from the umbilical artery proximal to the origin of 
the internal iliac (the axial vessel), and by the end of the 7th week has 
efiected a union wth that part of the axial vessel which lies in the 
popliteal space (Fig. 537). In the upper limb there is no corresponding 
arterial trunk, although communications between the suprascapular 
(transverse scapular), circumflex and superior deep branch of the brachial 
artery may represent it. In both the leg and foie-aim more superficial 
secondary channels are formed— the ulnar and posterior tibial arteries 
and their branches which end in the superficial palmar and plantar arches 
(Figs. 536, 537). In all primates with the exception of man, the femoral 
artery, before piercing the adductor magnus, gives oS a large branch, 
the saphenous artery, which accompanies the long saphenous nerve and 
turns to the extensor aspect of the leg above the mternal malleolus, 
where it becomes the dorsal artery of the foot [25, Aasar]. At no stage of 
human development does the saphenous artery serve as a main channel, 
but the superficial branch of the anaetomotica magna, which represents 
this vessel in man, is more highly developed at the 8th week than it is 
at any subsequent period. The saphenous artery Corresponds to the 
radial of the upper limb. 

Vas Aberrans/— At a very early stage (7th week) there is developed 
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along tlie siij^erficial nsjicct of the median nerve an arterial anastomotic 
channel fed by a succession of branches which spring from the axial 
brachial vessel (Rig. 536). This channel frequently opens up in part or 
even in its whole extent and gives rise to the greater number of arterial 
anomalies met with in the arm. The vas aberrans may replace the main 
artery, being known from the normal brachialartery by the fact that it 
lies superficial to the median nerve, whereas the usual vessel is deep to 
that nerve. The first ramus of the vas appears between the heads of 
the median nerve (Fig. 536). The ulnar or radial artery fi:equently 
arises from the brachial artery in the lower third of the arm ; in such 
cases the upper part of the radial or ulnar vessels will be found to be 
formed out of the anastomotic channel. In the fore-arm the median 
artery may be of large size, ending in the superficial palmar arch ; it 
too is formed out of the arterial anastomosis which is laid down in foetal 
life, superficial to the median nerve. 

Superficial Veins. — ^During the 6th week the terminal margin of the 
limb buds is fringed with a venous plexus which becomes broken up by 
the outgrowth and difierentiation of the digits [26]. The terminal plexus 
is drained by a vein which passes upwards on the ulnar or peroneal 
margin of the limb, this marginal vessel becoming the superficial ulnar 
and basilic veins in the arm and the external saphenous vein iu the leg. 
Later, radial and tibial marginal venous channels are formed, becoming 
the radial and cephalic veins in the upper hmb and the long or internal 
saphenous in the lower. The cephalic vein originally crossed.the clavicle 
and terminated in the external jugular vein, as is the rule in apes, but 
later ended in the axillary vein, below the clavicle. In man only does 
the long saphenous vein terminate in the groin by piercing a hiatus m 
the fascia lata ; m all other primates it ends above the internal (medial) 
condyle of the femur by joining the femoral veins in H.iinter!s_sanal. 

Malformation of the Limbs. — ^As already mentioned (p. 73), the limb 
buds may be arrested at a very early stage of development or they may 
undergo various degrees of deformity as a result of plastic necrosis. 
This disorder, with its attendant malformations, has been produced in 
young rats by Dr. H. J. Bagg by exposing parent rats to X-rays [9j. 
Dr. Streeter has described corresponding lesions in hmnan foetuses [9]. 
If an arrest in the backward segmentation of the trunk should occur 
before the sacral region is reached, then the right and left leg-buds 
become fused and the condition known as sympodia is produced [28]. The 
digits of both limbs are liable to a great number of malformations— -such 
as non-separation (syndactyly) and imperfect delimitation of the middle 
phalanx (brachydactyly) [29]. The radius may be absent in the arm and 
the tibia in the leg [30]. When the radius is absent the thumb also is 
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usually missiug. Extm digits may be pre^ntr— most usually on the 
radial side of the thumb or on the uhiar side of the little finger [31]. 
A digit may be imperfectly cleft ; so too the foot less frequently the 
hand. 
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MORPHOLOGY OF THE LIMBS 

In the previous chapter the chief events connected with the develop- 
ment of the limb buds in the human embryo hove been noted and 
incidentally certain points relating to the morphology-— primitive 
structure— of the limbs have been alluded to. In the present chapter 
we propose to deal with the more important problems relating to the 
pectoral and pelvic girdles, to the bones of the hand and foot and to the 
significance of certain muscular modifications. 

Congenital Elevation of the Shouldet.— \Ve have already seen that the 
arm of the human embryo is cervical in position— m this respect 



resembling the pectoral fins of fishes. It d^ends during the 2nd month, 
reachin g its final p osition over the ribs in the 3rd month. Its descent'#*^ 
is accompanied not only by an elongation of the brachial nerves but 
also, by a downward migration of certain muscles — originally placed in 
the neck — trapezius, serratus magnus, latissumus dorsi and pectoral 
muscles. The descent may be arrested. Such an arrest, which is not 
rare in children, is often accompanied by irregularities in the formation 
of the cervical vertebrae — for the elongation of the cervdcal region to ^ 
form a neck is related to the descent of the shoulder, of the heart and ' 
of the diaphragm— and with the appeatauc^la^ak eletal ele ment ofjthe J 
s houlder girdle .whichis present in certauufishes (dipnoi and selachians)' 
This omo-vertebral element is represented in Fig. 538— from the classical 
case of IVillet and Walsham (1880). In fishes this bone joins the supra- 
scapula to the occiput ; when it appears in man it is usually fixed to or 1] 
articulates with the spinous processes of the lower cervical vertebrae [If. i 
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portion of the mesenchymal arch are developed t^vo cartilaginous 
elements, thepufcis and ischium, both of which take part in the formation 
of the acetabulum (Fig. 539). Both reach the ventral median line in 
which a median bar of cartilage is developed (sec Fig. 516, B). 

^ In man the following changes may be noted ;^(t)'The costal processes 
^f the sacral vertebrae (2* usually) have fused together to form the 
lateral sacral mass ; with these the ilium articulates (Fig. 526) ; \(tV) the 
vertebral border (crest) has become enormously elongated and gives 
attachment to abdominal muscles, cutting off the fibres of insertion of 
the external oblique which form the chief part of Poupart’s ligament ; 
(«i) the ischium docs not reach the ventral line. Up to the 4th month 
of development the bond between the ilium and sacrum is fibrocarti- 
laginous in nature. In this bond there then arc formed several synoWal 
spaces, which subsequently fuse to form the B 3 movial lining of the sacro- 
iliac joint [3]. The ligaments of the sacro-iliac joints, and particularly'!^ 
those of the 85 rmphy 8 is, arc sensitive to the action of oestrogens and ; 
imdergo relaxation in the terminal months of pregnancy. This is^i^ 
especially true of animals which bear large-sized young, such as guinea- 
pigs [4b The human ilium may effect contact not only with the costal 
elements of the sacrum but also with those which represent transverse 
processes [6]. 

In most birds neither iscluum nor pubis reaches the ventral line. 
The pubes fail to meet in cases of ectopia vesicac, jtist as the sternum 
is cleft in cases of ectopia cord is. The symphysis pubis is formed in the 
ventral line during the 3td month [6]. The.cotyloid bone-'OS acetabuli 
— ;isiormed.in.thc-Y-shaped cartil^c between the three elements. It 
ossifies in the 13th year [7]. This ossification forms the pubic part of 
the acetabulum, and is really part of the pubis. 

The median pelric bar corresponds to the sternum and like it is of 
bilateral origin. In reptiles (Fig. 51C) it is divided into anterior, middle 
and posterior parts. The anterior parts, which represent the marsupial 
(cpipubic) bones, form tbe cartilaginous epiphysis of the pubic crest, and 
correspond to the supra-sternal ossifications ; the middle parts become 
the cartilaginous surfaces of the symphysis ; the posterior parts (the 
hypoischium of reptiles) form the epiphyses on the pubic arch and ischial 
tuberosity (Parsons). On the other hand, Prof. Wingate Todd [8], who 
made a minute study of the symphysis pubis, particularly of the remark- 
able sequence of changes which occur in the human symphysis between 
the 20th and 40th years, is of the opinion that the epiphysis usuaUy 
present on the cartilaginous surface of each side of the symphysis 
represents the whole length of the pelvic bar — anterior, middle and 
hinder parts. In most mammaU the union at the symphysis ends in 
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Man’s upright posture has thrown the duty of constantly supporting 
the shoulder on the trapezius. Under certain circumstances it gives 
way, the shoulders thus drooping. Symptoms may then arise from 
pressure of the nerves against the 1st rib, or a cervical rib [2]. 

Pelvic and Shoulder Girdles. — In the basal part of each limb bud a 



cartilaginous arch is developed. It consists of a dorsal and ventral part, 
the joint cavity for the articulation of the limb being situated at the 
junction of the two parts. Fishes retain this simple primitive form of 
girdle. 

The pelvic girdle of man has undergone less modification from the 



FIG. 540. The Pelvic Girdle of a Human Foetus at the 7th week. (After KoUmann.) 

primitive type than his shoulder girdle. The primitive type of pelvic 
girdle, such as is seen in the crocodile or lizard, and of which the mam- 
malian type is a derivative, is shown diagrammatically in Fig. 539. For 
comparison the human girdle in the 7th-week foetus is shown in Fig. 540. 

The dorsal element consists of the ilium ; it is attached by ligaments 
to the costal process of one or more sacral verteb 
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portion of the mesenchymal arch are developed two cartilaginous 
elements, the pubis and ischium, both of which take part in the formation 
of the acetabulum (Fig. 539). Both reach the ventral median line in 
which a median bar of cartilage is developed (see Fig. 51G, B). 

^In man the following changes maybe noted : Jfl'The costal processes 

the sacral vertebrae (2^ usually) have fused together to form the 
lateral sacral mass ; with' these the ilium articulates (Fig. 526) ; 1.(11) the 
vertebral border (crest) has become enormously elongated and gives 
attachment to abdominal muscles, cutting off the fibres of insertion of 
the external oblique which form the chief part of Poupart’s ligament ; 
[iiiy the ischium does not reach the ventral line. Up to the 4th month 
of development the bond between the ilium and sacrum is fibrocarti- 
laginous in nature. In this bond there then arc formed several synovial 
spaces, which subsequently fuse to form the synovial lining of the sacro- 
iliac joint [3], The ligaments of the sacro-iliac joints, and particularly*^ 
those of the symphysis, are sensitive to the action of oestrogens and \ 
undergo relaxation in the terminal months of pregnancy. This 
especially true of animals which bear large-sized young, such as guinea- 
pigs [4]. The human ilium may effect contact not only with the costal 
elements of the sacrum but also with those which represent 'transvexse 
processes [5]. 

In most birds neither ischium nor pubis reaches the ventral line. 
The pubes fail to meet in cases of ectopia vesicae, just, as the sternum 
is cleft in cases of cctppla cord is. The symphysis pubis is formed in the 
ventral line during the 3rd month [6]. The.cotylojd bone-T^os acetabuli 
— isiormed-in-the -Y-shaped cartilage between the three elements. It 
ossifies in the year [7j. This ossification forms the pubic part of 
the acetabulum, and is really part of the pubis. 

The median pelvic bar corresponds to the sternum and like it is of 
bilateral origin. In reptiles (Fig. 516) it is divided into anterior, middle 
and posterior parts. The anterior parts, which represent the marsupial 
(cpipubic) bones, form the cartilaginous epiphysis of the pubic crest, and 
correspond to the supra-stemal ossifications ; the middle parts become 
the cartilaginous surfaces of the symphysis ; the posterior parts (the 
hypoischium of reptiles) form the epiphyses on the pubic arch and ischial 
tuberosity (Parsons). On the other hand, Prof. Wingate Todd [8], who 
made a minute study of the symphysis pubis, particularly of the remark- 
able sequence of changes which occur in the human symphysis between 
the 20th and 40th years, is of the opinion that the epiphysis usually 
present on the cartilaginous surface of each side of the symphysis 
represents the whole length of the pelvic bar — anterior, middle and 
hinder parts. In most mammals the union at the symphysis ends in 
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anchylosis ; the human s 3 miphysis represents the persistence of an 
infantile stage. An intermediate stage of union is to be seen in the 
anthropoid pehds (Todd). 

Growth of the Pelvis. — ^As Dr. C. G. Payton has demonstrated [9], 
the pelvis undergoes extensive remodelling as it grows. Consider, for 
instance, the case of the obturator foramen. Were new bone to he laid 
down along its margin, the foramen would become progressively smaller,,^ 
whereas it constantly increases in size during the years of growth, because | 
as bone is deposited along one side of the foramen it is beiag absorbed ' 
with greater rapidity along the opposite border. jOie ihum grows in^ 
length at both its sacro-iliac and acetabular margins. Both acetabular 
and sacro-iliac joints are beiag constantly remodelled during the years 
of growth, especially at puberty. The sacro-ihac notch is fashioned by» 
an absorption along the posterior (dorsal) border of the iliran. Growth, 
of the true pelvis is effected at its three joints, namely, the right and left'i 
sacro-ihac and symphysis pubis. Growth at these joints is influenced- 
by pituitary as well as by sex hormones. Amongst European women 
the antero-posterior diameter of BSepehdc brim is greater than the 
transverse in 15% of cases [10]. 

Congenital Dislocation of the Hip Joint. — Under this title two quite 
different groups of cases are included : {i) cases in which there has been 
an arrest of development of the parts entering into the formation of the 
hip joint ; (n) cases which are produced during the act of dehvery. It 
is only the first group which is referred to here. In the 8th week, when 
the foetus is about 20 mm. in length, the three cartilaginous elements 
ilium, ischium and pubis — meet in a Y-shaped acetabular suture, the 
pubic element being later in chondrifying than the other two. In the 
9th week the -hip joint is formed by (i) the appearance of a synovial 
cavity; (ii) cartilaginous outgrowths from all three elements, but 
especially from the ffiac, to form the acetabular cup ; (in) the separa- 
tion of the head from the shaft of the femur by the formation of the neck 
(see p. 596). The joint is completely formed early in the 3rd month. 
The synovial lining of the joint arises from an ingrowth of peripheral 
cells into the blastema! tissue between the acetabulum and head of the 
femur [llj. The outgrowth of the acetabular brim may be arrested at 
the reptilian stage reached in the 2nd month ; congenital dislocation of 
the femoral head, which as a rule is weU formed, results. In the case 
of cleft-palate and of imperforate anus (and this is a similar case) human 
development is arrested at a reptilian stag e. The condition has a 
relation to the development of female sexual characters ; 90% of cases 
occur in female infants. I t is a sex- linked inafformation,_the defect 
being carried by one of the JN chromosomes. 
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/fl Shoulder Girdle.— The duckbill fomithoThvnc husl possesses the most 
^raeralized type~of mammalian sh ouHler girdl e ; iti^iraiC-Jggcmhles 
cl osely that ot primitive TeptUga ; from such a form the various types of 
mammalian shoulder ^dle ■vrere probably evolved [12]. ^ ^ ^ 


the main body of the bone about the 23rd year. The supra-spinous 
part of the scapula appears first in higher mammals ; it is produced late 
in the development of the scapula (in the 3td month of foetal life) by 
the upgrowth of the supra-spinous blade of the scapula ; it is not repre- 
sented in the pelvic girdle. The dorsal segment of the pelvic girdle 



Fio. 541. Th« Shoulder Girdle of Orulthorhynihus. 


becomes fixed to the costal processes ; the corresponding part of the 
scapula remains free. The dorsal border of, the scapula becomes m ore 
qonvex as age advances : in 35% of people it remains concave — giving 
the scaphoid type of scapula [13). 

In the typical reptilian shoulder girdle , as in the pelvic (Fig, 539), 
two elements are formed in the ventral part of the arch — a posterior 
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anchylosis ; the human symphysis represents the persistence of an 
infantile stage. An intermediate stage of union is to be seen in the 
anthropoid pelvis (Todd). 

Growth of the Pelvis. — As Dr. C. G. Payton has demonstrated [9], 
the pelvis undergoes extensive remodelling as it grows. Consider, for 
instance, the case of the obturator foramen. Were new bone to be laid 
down along its margin, the foramen W'ould become progressively smaller,,, 
whereas it constantly increases in size during the years of growth, because | 
as bone is deposited along one side of the foramen it is being absorbed ' ) 
with greater rapidity along the opposite border. The ilium grows in J 
length at both its sacro-iliac and acetabular margins. Both acefahular 
and sacro-iliac joints are being constantly remodelled during the years 
of growth, especially at puberty. The sacro-iliac notch is fashioned by, 
an absorption along the posterior (dorsal) border of the iliiun. Growth; 
of the true pelvis is effected at its three joints, namely, the right and left| 
sacro-iUac and sjmaphysis pubis. Growth at these joints is influenced'- 
by pituitary as well as by sex hormoims. Amongst Emropean women 
the antero-posterior diameter of”Die pelvic brim is greater than the 
transverse in 16% of cases [10]. 

Congenital Dislocation of the Hip Joint. — ^Under this title two quite 
different groups of cases are included : (^) cases in which there has been 
an arrest of development of the parts entering into the formation of the 
hip joint ; (ii) cases which are produced during the act of delivery. It 
is only the first group which is referred to here. In the 8th week, when 
the foetus is about 20 mm. in Jength, the three cartilaginous elements 
ihum, ischium and pubis — meet in a Y-shaped acetabular suture, the 
pubic element being later in chondrifying than the other two. In the 
9th week the -hip joint is formed by (i) the appearance of a synovial 
cavity ; (w) cartilaginous outgrowths from all three elements, but 
especially from the iliac, to form the acetabular cup ; (m) the separa- 
tion of the head from the shaft of the femur by the formation of the neck 
(see p. 696). The joint is completely formed early in the 3rd month. 
The s 5 movial lining of the joint arises from an ingrowth of peripheral 
cells into the blastemal tissue between the acetabulum and head of the 
femm [11]. The outgrowth of the acetabrdar brim may be arrested at 
the reptilian stage reached in the 2nd month ; congenital dislocation of 
the femoral head, which as a rule is well formed, results. In the case 
of cleft-palate and of imperforate anus (and this is a similar case) human 
development- is arrested at a reptilian stag e. The condition has a 
relation to the development of female sexual characters ; 90% of cases 
occur in female infants. It is a sex-l inked malformation,_the defect 
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acromial process of the scapula to end ventrally in the anterior end of 
the sternal blastema. Prof. Fawcett found that during the 7th week, 
when the embryo is 15 mm. long, tw o centres of chondrification appe ar 
i n the clavicular blastema, quite close to each other, one coiie5T>ond ing 
to .the termination nf fibres of the stemomastoid. the other to the ending 
of jibres of the trapezius . Before proper cartilage has had time to form, 
centres of ossification appear in the adjacent margins of the two pre- 
cartilaginous masses, the two ossific centres umting in a few days. From 
this double centre ossification spreads during the 8th week towards the 
sternum and towards the acromion, ossification being preceded by a 
formation of true cartilage [16]. 

There is a malformation of the clavicle which throws light on its double 
nature. In the remarkable disorder of growth known by the cumber- 
some name of chido-eranial dysostosis [17] the clavicle is made up of two7 
parts, an outer and inner united by a fibrous -band, whicli^ay fonn; 
only a short ligament, or may be so extensive as to represent the middle) 
two-thirds of the bone. In such cases all the hones of the skeleton whicly 
are formed in membrane— especially those of the cranial vault — are 
imperfec tly, ossified. The condition in this disease suggests that the 
clavicle is a compound bone made up of outer and inner elements, and 
that arrest has occurred before the two elements have become joined. 
In cleido-cranial dysostosis a disturbance occurs which prevents the 
union of the two ossific centres of the clavicle ; as ossification in cartilage 
proceeds normally in other parts of the skeleton we may presume that 
in spite of the appearance of cartilage in the clavicle, it was originally 
a membrane bone. 


The acromion process is ossified from several centres which appear in 
the years of adolescence ; the epiphysis so formed may he united to the 
spine by fibrous tissue only. This occurs in over 8% of subjects (Syming- 
ton), and may be mistaken for a fracture of the process. T^axnracp- 
clavicular ligaments may he derived from the precoracoid Elemen t. 

Hand and Foot. — TEc hand and foot of man, as is the case in all pri- 
mates, retain the primitive arrangement of elements much more closely 
than do most other mammalian orders. The primitive type of hand or 
f oot, out of which the various f orms found in m.ammnk bftvn bf^en 
mod^ed, is seen in such reptiles as the lizard or tortois e (Fig. 5431. 

Jjn the hand of man the same bones are to beseen .is in f.Tin'tortoise . and 
m jhe_s_amc o^der of arrapRement.f with some exceptionT The elements 
m the foot of a typical lizard resemble closely the arrangement seen in 
Its hand ; the same elements are present even in the highly modified 
human foot (Fig. 544). The hand and foot bones have undeLno great 
specmhzation m most mammals. In the evolution of the horse, for 
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of the fore limb is of advantage for speed and free movement, the 
coracoid element is much reduced. It forms merely a process on the 
sca pula/ wMcb it joms in man about the 15th year, ^t still ente rs into 
the formation of the glenoid cavily, the articular part (supra-glenoid) 
having a sep arate centre of ossificatio n which appear s in the 12th year. 

i^~ Possib le that the costo-coracoid hgament may be derived from the 
venfraipart ot jbh^coracoM eleme nt — ^the part which articulates with the 
sternum in the duckbill, l ^e pTecoracoid in the shoulder girdl e of a 
lizard corresponds to the pubic element in the pelvis. The precoracoid, 
which, like all the primitive elements of the pelvic and sho^der girdle, 
is formed in cartilage, has been partly or entirely replaced in all mamma ls 
by the development over it of the clavicle, a dermal or membra ne- 
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Fis. 542. The Parts in the Shoulder Girdle of a Human Foetus which correspond with 

those of OmithorhynchuB. 


formed bone, the first of all the bones to ossify. In certain fish es the 
c artilaginous shoulder girdle has a covering of membranou s (dermal) 
b one ; from this dermal covering the clavicle and interclavicle have 
been evolv ed [15]. There is thus no true representative of the clavicle 
in the pelvis. The interclavic le so strongly developed in omithorhynchus 
and in the “ meny-thougHt ” of the fowl is also a dermal bone. Itjs 
r epresented in man by the rnterclavicular ligamen t. 

In order to give greater mobility and speed to some Tour-footed 
mammals, the clavicle has been reduced to a hgamentdus band, except 
at its extremities (rabbit, dog, etc.). In chmbing anima ls and those m 
w hich the power of grasping or embracing is hig hl y developed jfche 
c lavicles are fully develop ed. 

Clavicle.— At i;he beginning of the 7th week the clavicle is represented 
by a cellular or' blastemal bar passing from the neighbourhood of the 
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sponding bands form the middle and posterior fasciculi of the external 
lateral ligament. 

4. Carpalc or Tarsalc I becomes the trapezium in the hand, the 
♦internal cuneiform in the foot. In the prehensile foot of apes, the 

hallucial articular surface is Trkleljr separated and directed inwards. 
This is also the case during the foetal development of the human foot, 
but at no period of development is the hallux of man directed inwards 
and separated from the other toes. In man the great toe resumes a 
primitive position, its metatarsal coming into line with other members of 
the metatarsal series. 

5. CarpaJe or Tarsale II forms the trapezoid in the hand, the middle 
cuneiform in the foot. 

6. Carpale or Tarsale III forms the os magnum {os capitatum) in the 
hand, the external cuneiform in the foot. 

7. Carpale or Tarsale IV and Fhave united in hand and foot to form 

^os catch (fibulare) 

■os trigonum {intermedium) 

.astrag. {tibiate) 

cuboid (4. S fqrgg/e )— scaphoid (centraie) 

no. 545 The Oj Trigooum and other Bones of the Tarsus 

the unciform and cuboid. This occurs in all mammals. The unciform 
process has a separate centre of chondriJication (Levis). In the cat 
and other carnivores the scaphoid and semilunar unite together, a union 
which may occur in man. Umon of trapezoid to the os magnum has also 
beenreported [19]. In the foot an intimate union persists at the junction 
of the os calcis, cuboid and scaphoid until late in the 3rd month ; in the 
cartilage of union a separate tarsal element (secondary os calcis or 
secondary cuboid) may develop (20}. 

The Os Cmirate [21] is situated between the Erst and second rows of 
the carpal or tarsal bones (Fig. 543). In the primitive carpus the 
centralia were four in number (Fig. 64G, A). In the foot an os centraie 
forms the scaphoid— a bone which plays an important part in the forma- 
tion of the plantar arch— hut is yet remarkably late in beginning to 
ossify, viz. about the 3rd year. It appears at the end of the Cth week as 
a separate cartilage element of the human carpus, hut at the end of the 
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instancej one lateral digit after another has become vestigial, leaving 
the central digit enormously enlarged and specialized to form the lower 
part of the extremities. In ruminants the 3rd and 4th digits have 
become dominant ; the rest of the digit-s have become reduced until 
only traces of them are left [18] ; in rodents the hallux is vestigial 
The hallux and pollex are the mammalian digits most liable to undergo 
retrogression. han d, the hallux and pollex fi nd 

t heir great est development. ~ 

Comparison of the Tarisus and Carpus. — Both are the derivatives of 
such a typical form as is shown in Fig. 543. In the typical tarsus or 
carpus there occur the followng bones : 

1. Radiate or Tibiale forms the scaphoid (naviculare) in the hand and 



ulna or 
'fibula 

intermedium 

ulnare or 
fibulare 

carpal 

centrcde 

carpal 


Fig. 54S. 



Fig. 543. I’he Carpal Bones of a Tortoise. 

Fig. 544. The Skeletal Elements of the Leg and Foot of a Human Foetus in the 9th 
week. The double arrow Indicates the earlier relationship of fibula to femur. 
(Bardeen.) 


astragalus in the foot. In the human hand this bone is occasionally 
double, being formed from two centres. The astragalus in the early 
human foetus (Fig. 544) occupies the position of the intermedium. 

2. Intermedium forms the semilxmar (os lunatum) in the hand ; in the 
foot it is much reduced and usually unites with the astragalus to form 
the external tubercle of that bone. It may remain separate and form 
the os trigonum (Fig. 545). 

3. Ulnare or Fibulare becomes the cuneiform (triquetrum) in the hand, 
the os calcis in the foot. During the mesenchjunatous and early cartila- 
ginous stages in the development of the human tarsus, the os calcis is m 
contact with the fibula (Fig. 544). In the hand the ulnare and inter- 
medium are boimd by fibrous bands to the ulna (Fig. 543) ; these bands 
assist to form the triangular fibro-cartilage ; in the ankle the corre- 
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the pisiform of the human hand being a displaced ccntrale . (Fig. 546, 
A, B). TliP gastTnrnpmius. which repr<^ents the flexo r carpi ulnaris in 
the leg, is also primitively a flexor of the metatarsus ; the long plantar 
ligament, from which it is separated by the growth of the heel, represents 
the continuation of_its tendon. 

Anomalous Ossification of the Foot [23]. — In Fig. 547, A, a diagram is 
given of the hones of the foot to show the more common sites of anomalous 
ossifications. Of these the os trigonum and the secondary calcancum and 
secondary cuboid have alreadj' been mentioned. On the outer or fibular 



border of the foot three ossifications may be met with : (i) the bone of 
Yesalius, situated at the base of the 5tb metatarsal. The styloid process 
of this hone has occasionally a centre of ossification (Flecker) ; the bone 
of Vesalius may be a separate formation of this epiphysis ; (ti) on the 
outer border of the cuboid— an ossification, os peroneale, of uncertain 
nature ; (nt) ossification of the sesamoid within the tendon of the 
peroneus longus. On the inner or medial border of the foot the most 
common site is below the tuberosity of the navicular bone (os tibiale). 
The navicular may be ossified from two centres [24]. The internal 
cuneiform may be double ; its distal articular surface, like the cone- 
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2nd month it has joined the dorsal and distal aspect of the scaphoid 
of the hand. It may be occasionally detected as a tubercle on the dorsal 
aspect of the scaphoid, or even as a separate bone. It is a separate bone 
in the carpus of all primates, except the gorilla, chimpanzee and man. 
There are two or more centralia in lower vertebrate forms (Eig. 546). 
The styloid process at the base of the 3cd,metacarpal bone may occur as 
a separate ossification (os Fig. 547, B). 

The Pisiform is of doubtful nature. It is possible that in a very early • 
stage of the evolution of mammals there were more than five digits : 
one behind the little finger — ^post minimal digit ; and another on the 
radial side of the hand — a prehallux [21]. Supernumerary digits, when 
they appear, are commonly situated on the radial side of the thumb or 



A B 

Fig. 546. 

A. Showing the four Centralia of the Primitive Vertebrate Hand. (C. D. Gillies.) 

B. Showing the nossible Origin of the Pisiform from a displaced Centralia. (C. D. 

Gillies.) 

U, ulna; R, radius; d, dislallaa,2,3,4,5) ; k, ulnare ; r, radiale ; i, intermedium 
centralia, 1, 2, 3, 4 — the 4th being represented in black ; p, pisiform. 

ulnar side of the little finger, but they usually represent merely a fission 
of the normal pollex or little finger. The pisiform has been regarded as 
the vest ige of a post minimal digit ; the sesamoid on the trapezium, 
in which a slip of the extensor ossis metacarpi pollicis,ends, as a remnant 
of a prehallux. It is possible also to regard the pisiform as a sesamoid 
developed in the tendon of the flexor carpi ulnaris — ^for that muscle is 
originally a flexor of the metacarpus and ends on the 5th metacarpal 
the piso-metacarpal ligament representing the terminal part of the 
tendon. The pisiform, however, is developed with the rest of the carpal 
bones and before the tendon of the flexor carpi ulnaris. In mammals 
generally, but not in man, the pisiform articulates with the ulna as well 
as the cuneiform, and its synovial facet opens into the wrist joint. 
Dr C. D. Giliies [22] has brought forward evidence in favour of regarding 
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and well developed in man only. It is developcdfrom the outer 
and lower fibular fibres of the e xten sor lopgus.digitoriim and 
represents part of the _tendoiU)Lthat_muacIe to the 5th toe. 
The peroneus brevis and longua may also assist, especially the 
latter, which in apes is a grasping muscle, acting as a flexor of 
the metatarsal bone of the hallux. 

V(«') The tarsal bones of the human foot— especially the astragalus and 
os calcis — are of great size when compared with the tarsal bones of other 
primates ; while the digital or phalangeal elements, e.xcept in the case 



FIO. 549. 

A The Flantai Aipect of the Foot of a Child at birth, shoeing tlie flexure lines. 

B Plantar Aspect of the Foot of a Gorilla 
C Plantar Aspect of the Foot of an 01d*world Monbey, 

1 Obhqne flexure line; 2, transeerse flexure line, 3, thenar flexure line. A,£,0,D 
E, these letters Indicate corresponding plantar areas 


of the great toe, which is relatively of great size, have undergone retro- 
gression. This is especially the case in the human little toe ; some of 
its muscles are not infrequently fibrous, and the terminal phalanx may 
not be separated from the middle phalanx. The middle (2nd) phalanx 
is the last to be differentiated in development of the fingers and toes 
(in 3rd month). 

/ {in) The plantar arches [28], both longitudinal and transverse, come 
Njnto existence m early foetal life. The arch of the foot is a human 
character. At birth a child is flat-footed when the weight of the body 
rests on its feet ; the head of the astragalus is then on a level with the 
entocuneiform. MTien the muscles are removed by dissection the foot 
of the newly bom child shows a well-developed arch (Russell Howard). 
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spending articulation on the first metatarsal, may be divided, partially 
or completely, into a dorsal and a plantar area [25]. 

Eversion of the Foot and Development of the Arch. — The human foot 
" has been highly modified for upright progression [26J. The chief 
modifications are : 

(t) Gradual eversion of the foot, so that the sole can be applied to the 
ground. Even at birth — and for some time after — and always up to and 
before the 7th month of foetal life, the soles of the feet are inverted, so 
that when the foetal limbs are in their natural position they are directed 
towards the belly of the child- In club foot the normal process of eversion 
does not take place ; club foot, like cleft palate, represents an arrested 
development [27]. The ape’s foot retains the inverted position, an 



Fig. 548. The Foetal and Adult (in dotted outline) Forms of the Astragalus contrasted. 

adaptation for prehension. The following factors assist in produciag 
eversion : 

(tt) The neck of the astragalus (Fig. 548), which in the foetal foot is 
long and directed downwards and inwards at an angle to the 
axis of its body, becomes relatively shorter and directed more 
in line with the axis of the articular surface of its body. Further, 
the lateral border of the tibial articular surface ofthe astragalus 
is prominent in the foetus ; the medial border is much the lower , 
a growth upwards of the medial bonder causes the astragalus 
and foot to rotate outwards (Lazarus). A special process is 
produced at the dorso-Iateral angle of that surface of the os calcis 
which articulates with the cuboid. This process limits the 
extent of eversion [28]. 

(6) The bones on the inner side of the foot, particularly the scaphoid 
.:-J and internal cuneiform, grow more rapidly than those on the 
outer side of the foot — especially after birth. This tends to 
evert the foot and also to produce the longitudinal arch. 

(c) A special evertor of the foot is produced — ^the peroneus tertius-— a 
muscle which occurs in the gorilla as a variation, but is constan 
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brevis or primi intcrnodii pollicis is constant in man only [30] ; it is a 
segment of the extensor ossis metacarpi pollicis. The extensor brevis 
hallucis, which is a medial slip from the extensor digitorum brevis, is 
not represented in the hand. 

Muscles of the Second Digit.— In the lower primates each finger has 
two extensors — a deep and superficial. The deep in the second digit 
becomes the extensor indicis ; in the little finger it forms the extensor 
Tninimi digiti. The deep extensor muscles have disappeared in man from 
the 3rd and 4th di^ts, but occasionally reappear. In the leg the deep 
extensors have migrated to the foot, and form the extensor brevis 
digitorum. That for the little toe, however, has not descended ; it is 
always vestigial, if present. It runs beneath or with the peroneus 
brevis, and is kno^vn as the peroneus quartus or peroneus quinti digiti. 
If the mirror-image theory is true it represents the extensor brevis 
pollicis [31], 

Flexors and Extensors of the Metacarpus. — These have retained their 
primitive insertions in the hand ; their modifications in the foot have 
been already mentioned [32]. Both at the knee and elbow joint the 
origins of these muscles have undergone much shifting and migration. 

Migration of Muscular Attachments.— Many human muscles during 
development dequire attachments to segments at a distance from those 
in which they are developed. The smatus magnus -is developed froni- 
6th, 6th, 7th cervical segments : its attachment has extended baclnvards 
until, in man, it reaches the 8th rib ; the trapezius, originally situated in 
the neck, migrates backwards, and in the 7th week obtains an insertion 
to the shoulder girdle, and before the end of the 3rd month its origin has 
reached as far backwards as the 12th dorsal spine along the median 
dorsal line. The latissimus dorei ruigrates to th^ median^ dorsal line 
over the spinal musculature and reaches the spine and crest of the ilium. 
The diaphragm, which arises in the neck (4tb and Dth segments), descends 
until it is attached in the floor of the thorax. The facial musculature 
takes its origin in the hyoid arch. The subvertebral (hypaxial) muscu- 
lature is a migrant part of the transversalis sheet. The_omo-hyoid,is 
attached at first to the sternum ; it migrates along the clavicle and 
reaches (often it fails to reach) the upper border of the scapula. The 
migration of the subclavius has bee n in an opposite direction ; originally 
. It reached to the humerus. The case of the extensor brevis di^torum 
of the foot has just been mentioned. The flexor accessnniiH ia « part of 
the flexor longus hallucis which has migrated to the sole of the foot. 
The opponens of the thumb and of the little finger are separated parts 
of the short flexor muscles of these digits. These are only a few of the 
more striking examples of the migration in the attachment of muscle s 
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Tlie arch becomes stable as the child learns to walk. The chief factors 
in its production are the gro^vi;h of the tarsal bones — especially of the! 
scaphoid and internal cuneiform — and 1st metatarsal and the co- 
ordinated (postural) action of the muscles of the leg and foot. Hence iii[ 
rickets, where the normal tarsal growdh is disturbed, flat foot is apt to 
occur. Amongst the structural changes which help to raaintaih the 
arch are ; 

(a) The gro^^4h of the os calcis backward to form the heel separates 

the tendon of the plantaris from its prolongation in the sole — 
the middle part of the plantar fascia, which assists in mamtain- 
ing the arch. In lower primates the tAvo parts are continuous, 
the tendon of the plantaris plying across the os calcis in a carti- 
.lage-lined groove. 

(b) The internal lateral ligament of the anlde (anterior part) and the 

inferior calcaneo-scaphoid ligaments undergo a great develop- 
ment in man [29]. 

(c) The flexor brevis digitorum, which in lower primates arises princi- 

pally from the long flexor tendons in the sole, has its origin 
completely transferred to the os calcis in man. It can thus act 
more powerfully in maintaining the arch. The flexor acces- 
sorius, a detached part of the flexor longus haUucis, is specially 
well developed and helps to maintain the arch of the foot. 

(d) The tibialis posticus, originally a flexor of the metatarsus, corre- 

sponding to the flexor carpi radialis in the hand, obtains a 
secondary attachment to the scaphoid. The tibialis anticus, 
which answers to the extensor ossis metacarpi pollicis, becomes 
permanently inserted into the internal cuneiform and metatarsal. 
Both of these muscles, thus modified, help to maintain the arch 
of the foot. So does the tarsal part of the tendon of the tibialis 
posticus. 

(e) rThe long plantar hgameut — originally a part of the tendon of 

insertion of the gastrocnemius — also assists to maintain the 
, arch. 

(w) The development of the great toe and the pecuhar arrangement of 
its muscles must also be regarded as adaptations in the foot to upright 
postme and progression. 

CERTAIN FEATURES OF THE MUSCULATURE OF 

HTBIAN LDIBS 

Muscles of the PoIIex and Hallux. — The extensor ossis metacarpi 
pollicis corresponds to the tibialis anticus. The thumb muscle has 
commonly a carpal insertion as well as a metacarpal. The extensor 
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borders of tbe pectoralis major and latissimus dorsi, are parts of the 
muscular.sheet out of which these two muscles are developed. 

{^)r-The pectoralis .extcrnus arises from the 4-5--6 ribs and costal 
cartilages, beneath the axillary border of the pectoralis major. This is 
its normal condition in most mammals, but in man it is commonly fused 
with, and forms part of the pectoralis major. 

(u) 'Ihc sternalis is a remnant of the primitive rectus sheet {p. 495). 
The pectoralis major is formed from the same ventral longitudinal sheet 
as the rectus abdominis and stemo-mastoid. The fibres of the sternaUs, 
whiclflie along the sides of the sternum, superficial to the origin of the 
pectoralis major, represent a persistent part of the primitive longitudinal 
sheet. 

(vi) In the sterno-mastoid four elements are recognized : stemo- 
mastoid, stemo*occipital, cleido-mastoid, elcido-occipital. The elcido- 
occipital fibres, which form part of the same sheet as the trapezius, are 
often absent. On the other hand, the clcido-occipital fibres may be 
contmuous with the trapezius. The sterno-mastoid and trapezius') 
muscles arc developed from the ventral element of occipital segments f 
and are origmally connected with gill arches. 

(wt) The pectoralis minor is sometimes inserted in the capsule of the 
shoulder and great tuberosity of the humcnis, as is the case in primates 
generally. The coracoid insertion, which is the normal one in man and 
also in the gorilla, is usually regarded as a secondary attachment, hut 
Dr. K. Lander [34] has shown that it is also found in primitive types of 
mammals. When the pectoralis minor is inserted to the coracoid, the 
former fibres of msertion become fused with and form part of the coraco- 
huractal ligament, which, however, is a distinct structure, and repre- 
sents a specialized part of the capsule of the shoulder joint. 

(viu) In some apes (such as the Gibbons) the 6iceps has four heads — 
the two usual, the long and short, and two others, one from the inner 
border of the humerus and one from the bicipital groove. These two 
extra heads appear frequently in man. The tendon of the long head is 
developed vithin the cavity of the shoulder joint (Neale). 

(tx) The epitrochleo-anconeus is often present. It crosses the ulnar 
nerve from the internal condyle to the olecranon [35]. 

(i) The palmaris longus and its homologue in the leg, the plantaris, 
are vestigial, aberrant in form and often absent. The plantar and 
palmar fasciae represent their divorced tendons. The plantaris and 
palmaris undergo retrograde changes in the primates ^rith the trans- 
formation of claws to nails [36]. 

(xi) Each digit (fingers and toes) in lower primates, such as monkeys, 
is ptorided with three short muscles which arise from the carpus or tarsus . 
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but the mechanism which brings about migration and the biotactic 
mfluence which is at woric are unlmown. , 

/Vestigial and Abnormal Muscles of the Limbs and Trunk. — (i) The/ 
muscles of the human ear and scalp may be described as vestigial when'^ 
compared with their development in other mammals. Although their 
action on the ear and scalp is feeble, yet they serve as an important basis 
into which certain psychological states are reflected. 

(w) The levator claviculae (omo-trachehan) is a muscle which passes 
from the upper transverse cervical processes to the -outer end of the 
clavicle or acromion process. It is well developed in climbing primates. 



scapula 

long head triceps 
teres major 
■latis. darsl 

uestigial lat condyl of man 
'at.-condyl. of primates 
■inner head triceps 


'■internal intermuso. sept „ 
-triceps 

'■internal condyle. 

'Olecranon 

Fig. 650. latissfmo-condyloideus JIuscle. 


It is not a common muscle in man. It can be recognized during life in 
the posterior triangle of the neck. 

(iii) The latissimo-condyloideus (dorso-epitrochlearis) [33], a climbing 
muscle, is always represented in man, commonly by a fibrous bundle 
between the tendon of the latissimus dorsi and the long head of the 
triceps (Fig. 550), This fibrous strand may be occasionally muscular. 
In apes it passes from the latissimus dorsi at the axilla to the mner aspect 
of the elbow and arm, which it retracts in climbing. It belongs to the 
same sheet as the coraco-brachialis. The ligament of Struthers — k strip 
of fibrous tissue over the internal intermuscular septmn, above the 
internal condyle — ^represents part of the tendon of this muscle. The 
muscular slips occasionally found crossing the brachial or axillary artery 
from the latissimus dorsi to the coraco-brachialis or biceps are derivates. 
Other slips found crossing the floor of the axilla, between the adjacent 
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muscular sheet which forms the peroneal muscles. Amongst primates, 
the short head is found only in man, the anthropoids and some South 
American apes. It corresponds to the brachialis anticus in the arm, 
and is supplied by the external popliteal nerve. 

(xvi) The psoas parvus is also vest^ial. It acts primarily as a flexor 
of the pelvis on the spine. It begins to disappear in those primates 
which assume the erect posture [38]. 

{xmi) The scansorius is a separated segment of the gluteus medius 
and minimus. It ristfs from the anterior border of the ilium and passes 
to the great trochanter. It corresponds to the teres minor. It is not 
constant in any animal. 

(xviii) The flexor brevis digitorum to the little toe and the adductor 
transversus of the great toe are often fibrous. 

Sesamoids [39] — The digital sesamoids of the human hand and foot 



FiQ 5S3 Distal «nd of Right Humerus (flexor aspect) of a Humau Foetus In the 7th 
weels of development. (Kozlllc.) 

Supracond.bl .blastema of supracondylar process ; .ligament uniting it to humerus . 
tntd. net , median nerve; Sr. art , brachial artery; med.ejnc , median eplcoodyle. ^ 

are subject to var^g degrees of constancy. They are constantly^ 
present in only two joints, the metacarpo-phalangeal joint of the pollex 
and that of the hallux. They are developed in the volar and plantar 
ligaments of these two joints, their deep surface plying on the articular 
head of the metacarpal or metatarsal bone. They are more frequently 
present than absent in the interphalangeal joint of the hallux and pollex 
(Fig. 552, A). Sesamoids also occur in the metacarpo-phalangeal joints 
of other digits, that on the radial or tibial side of the 2nd digit being the 
most frequently present (Fig. 552. B). They are usually absent on the 
ulnar or fibular side of the other digits. 
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TLe three muscles are (Fig. 551) : (i) a short flexor on the radial side 
of the digit ; (n) a short flexor on the ulnar side ; (in) a contrahens or 
adductor muscle (always absent in the middle digit). The ten short 
flexor muscles form a deeper sheet than the four contrahentes. Of this 
form the arrangement of the short muscles in the human hand is a 
derivative. The remnants in the human hand and foot of the contra- 
hentes are : (i) the adductors of the 1st digit (pollex or hallux) ; 
(it) fibrous remnants of the others occur over the deep plantar or carpal 
arch (Fig. 551). The short flexors in man have become (i) the seven 
interossei ; (ii) the flexores breves (ulnar and radial) and opponens of 
the 1st digit ; the flexor brevis and opponens of the 5th digit (see Fig. 
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Fig. 551. The Morphologj* of the Short Muscles of the Digits. The muscles shaded 
are those of the ape’s hand or foot ; the positions of the corresponding muscles m 
the human hand or foot are indicated hy dotted outlines. 


551). The ulnar flexors of the thumb and great toe are absent or 
fibrous. 

(xii) The pyramidalis is often absent in man or vestigial. It is the 
tensor of the linea alba. 

(xiii) Remnants of the extensors' and flexors of the tail may. occur 
between the sacrum and the coccyx (p. 570). 

(xiv) The coccygeus is vestigial ; its superficial part forms the small 
sacro-sciatic hgament. 

(xv) Fibres of the biceps of the thigh may be followed into the great 
sacro-sciatic ligament. This ligament, which is almost peculiar to man 
— ^in other primates it is quite thin and slender — ^may contain fibres 
derived from the caud5-femoral group of muscles, such as the tenuissnnus, 
a long strap-like muscle which passes from the coccyx to the femur and 
leg in lower mammals. The sacro-sciatic Hgament is mainly derived 
from the great median sheet, out of which the middle layer of the lumbar 
fascia is also formed. Parsons regards the short head of the biceps as a 
derivative of the tenuissimus, while others regard it as part of the 
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The Supra-condylar Process [40] is well developed in lemurs, the lowest 
primates, and in mammals of many orders. Its function is unlmovii. 
It occasionally appears in man. Dr. N. C. Rutherford found it repre- 
sented in a human foetus in the 9th week of development. It is developed 
from a separate blastema which appears above the medial epicondyle, 
on the superfieial aspect of the brachial artery and median nerve 
(Fig. 553). The blastema is united to the epicondylar ridge by a liga- 
mentous band. If the humeral end of this band ossifies a hook-like 
process is formed ; if the band and blastema ossify, then a supra- 
condylar foramen is produced. Usually such processes are hook-shaped 
and lie in front of the internal intermuscular septum. If a process is 
strongly developed, the brachial artery and median nerve pass under it, 
as they do in such animals as the squirrel and cat. 
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CHAPTER XXXI 


DEVELOPMENT OF BONES AND JOINTS 

In this chapter, -which is the third devoted to a consideration of the 
development and morphology of the human limbs, the two chief subjects 
that are to engage our attention are t (1) the development and mor- 
phology of their joints ; (2) the manner in "which their bones are formed 
and the modes by which they grow and change. We shall also have to 
examine briefly the present state of our loiowledge concerning the 
activities and life-histories of bone-forming cells. 

Development of Joints [1]. — Each Umb bone is formed from a centre of 
chondrification which appears in the 2nd month within the unjointed 
skeletal blastema of the Umb bud. At these centres the mesodermal cells 
gradually assume the characters of cartilage cells ; growth proceeds 
most rapidly at the periphery of the cartilage centres ; as the growing 
centres approach each other, part of the ori^al blastema is left between 
them. This tissue, which may be named the interchondral disc, forms 
the first basis of a joint (Fig. 554). The cells in the peripheral part of 
the axial blastema condense and form a perichondrium — a membrane 
which surrounds growing cartilages. In the 7th and 8th weeks, joints 
begin to appear in the interchondral discs, the more important before 
the less important. The manner of formation is the same for all joints : 
in the periphery of the interchondral disc the mesenchymal cells begin 
to disappear, giving rise to the synovial space which spreads towards 
the centre of the developing joint — the central part being the last to 
be cleared. In the central area of the disc, cartilage cells are formed 
leading to a temporary \mioa of opposed surfaces (WTiillis). The 
perichondrium is continued from segment to segment over the inter- 
chondral discs and thus becomes the basis of the capsular ligament. 
At first the ends of the cartilages projecting into joint cavities ate also 
covered by an extension of the perichondrium [2]. Peripheral cells of 
the interchondral disc line the capsule and form the synovial membrane, 
the cells of which, even in the adult, show by their structure that they are 
cartilaginous in nature. In certain pathological conditions the synovial 
villi give rise to cartilaginous nodules. 

Intra-arbcnlai Fibro-cartilagcs. — In every developing joint fringes of 
synorial membrane, representing remnants of the interchondral disc 
(intermediate plate), project into the gap between the articular margins 
633 
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thigh i? extended in the upright posture. Part of it becomes specinlizcd 
to form the ilio-fcmoral or Y-shaped ligament. In the knee joint the 
posterior part of the capsule is strengthened to prevent over-extension. 
The development of the condplc.9 of the femur towards the popliteal 
space isolates a posterior part of the capsule which thus comes to lie 
within the joint and form the crucial ligaments (Fig. 555). The liga- 
mentum teres, the best example of an intra-articular ligament, appears 
in the human foetus as part of the capsule of the joint ; in reptiles this 
foetal form is retained. The round ligament is isolated during tlio 
development of the head of the femur, which expands as a wing on cadi 
side of the ligamentum teres, and by the fusion of the wings isolates it 
from the capsule (Fig. 0501. The rejteaeJ ligament, on the under surface 



Flo Bhovlna Itii? Orijin of the Limnontam T«Tt» ati'l UeQcctcd Bundle of the 
CspauUr LlKsment 

of the neck of the femur, is the part of the capsule with which the liga- 
mentum teres was contmuDU,s (hj. 

Knee Joint [OJ.— In Fig. 557 is given a diagrammatic representation 
of the posterior aspect of the knee joint as seen in a primitive mammalian 
type. Three intcrarticular dhsas arc shown : an internal tihio-fcmoral, 
an external tihio-fcmoral and a fibulo-fcmoral. When the fibula became 
excluded from the knee joint, the fihulo-femnral disc, from which fibres 
of the poplitcus took origin, was included in the tendon of that muscle 
(Carl Fiiret). Tlic pajiUleus originally [nssed from the fibula to the 
tibia, like the pronator fpladratus in the forearm. The upper fibres 
migrated to the capsule and to the fibulo-fcmoral disc, and through the 
disc and Its ligamenta gained an attachment to the femur. Thus, 
instc.ad of rotating the tibia on the fibula, the poplitcus inmclc now 
rotates the tibia on the femur. Occasionally the cavity of the human 
knee joint communicates with the auperior tibio-fibular joint through 
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of bones (Fig. 554). In the elbow joint they are present, even in the 
adult ; in the hip and shoulder joint they form the cotyloid and glenoid 
ligaments. In the Imee joint they are much better marked, forming the 
semilunar cartilages. At the UTist joint the interchondral disc forms the 
triangular fibrocartilage, but here it is possible that certain other elements 
are included. A nodule of cartilage, which may ossify, is present; 
within it certain ligaments which imited the radius and ulna, and these 
tw o bones with the semilunar and cuneiform, have been included (Parsons 
and Corner). This cartilage is complete in man only ; it plays a part 
in the mechanism of pronation and supination. In the sterno-clavicular 
joint two synovial cavities are formed, one on either side of the inter- 



development. (After Nicolas.) 


chondral disc. In this case it is only in the higher primates that a 
complete intra-articular disc is present. Two synovial cavities are also 
formed in the temporo -mandibular joint, the meniscus separating two 
joints, which are functionally different. The upper is for gliding move- 
ments, the lower for hinge-like movements. Intra-articular cartilages 
not only fill the gaps between incongruous articular surfaces, but, as 
Dr. MacConaill has demonstrated, serve to maintain the lubricating flui 
of the joint as a fine film [3]. 

Capsular Ligaments. — Certain parts of the capsule of every joint 
become thickened and speciahzed according to the strains to which the 
joint is subjected. Parsons [4] found that it is the middle gleno-hurnera 
ligament of the shoulder joint which becomes enlarged and projects 
within the joint of pronograde mammals. In man, the coraco-humera 
ligament is by far the strongest. The anterior part of the capsule o 
the hip joint in man has to withstand the strain of the body when t e 
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of cartilage (a) suet as occur in the growing ends, of long bones. In B, 
which depicts a section of the fibrous sheath (perichondrium) of a bone 
still in its cartilaginous state, the deeper cells (6) are seen to be assuming 
the characters of osteoblasts. They lay down bone under the fibrous 


Flo 558 Btaeea In the TransrormnUon of & CftitUage Cell into a Bone Cell 
(Krompecher ) 

A. Cartilage cell (5) in contact with a trabecula of calcified cartilage (n). 

B. Ihe tame, now connected with the trabecula by elongated processes (e). 

C. OreaUy magnified part of the cell with bone (<f) being deposited between the 

processes and ontsnle the body of the cell. 

perichondrium, which thereby becomes periosteum. The more super- 
ficial cells (d, d) become fibroblasts, fibre-forming cells. Thus we see 
that fibiohlasts, chondroblasts and osteoblasts are modifications of the 
same type of cell. Under certain circumstances they may return to 



FlQ. 659 lUustration of the ThreeModes In which Osteoblasts deposit Bone fAfter 
Kronspecher ) * 

A. Deposition against a colnmn of calcified cartilage fa) ; 6, 6, osteoblasts. 

B Deposition under perichondrium (a) ; b, b. chondroblasts becoming ost^blasts. 

C. Deposition against the wall of hiood channel (c) ; b, b, osteoblasts. 

thdi ancestKil typo, ot the one may change into the other. In C, the 
common mode of bone deposition is represented. As may be seen from 
Fig. 503, tbe interior of every bone, originally cartilaginous, becomes 
invaded by an organized vascular system. In the shafts of long bones 
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the synovial diverticulum beneath the tendon of the pophteus. The 
upper end of the fibula is already excluded from the knee joint in the 
8th week (Fig. 544). There are five separate synovial cavities developed 
in this joint — one between the pjitella and femur, two between the 
femoral condyles and the primitive semilunar cartilages, and two between 
the cartilages and the upper extremity of the hibia. The five joints 
become continuous in the 4th month, the crucial and alar ligaments 
being derived from the primary septa between the cavities [7]. The 
external semilimar cartilage is circular in form and continuous with the 
posterior crucial ligament in primates, in which the power of rotation at 
the knee is highly developed ; in man the circular form of the cartilage 
is lost and it only retains part of its continuity with the posterior crucial 
ligament [8]. T^e ligamentum mucosum, which in -•many mammals 



l^^esamoid 

'■xt. lat Hg. 

•fibulo.-fem. 
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Fio. 557. Scheme of a Primitive Mammalian ]toee Joint to show 

of the Fibula vith the Femur; (2) the Fibulo^emoral l”tcrarticu|ar Cartilage 
which becomes included in the Tendon of the Popliteus; (3) the ^bio fl 
Muscle out of which the Popliteus is evolved ; (4) the division of the Jibm; 
femoral Intcrarticular Cartilage into external and internal Semilunar Cartilage .. 

(Carl Fiirst.) 

separates the knee joint into three compartments— two condylar and a 
patellar — ^is much reduced in man. ~ 

If a semilunar cartilage is excised it is replaced by a fibrous b(my 
formed from the synovial lining of the capsule [9]. The articular carti- 
lage of joints, like the epidermis of the skin, never ceases to grow an 

desquamate. ' n 4 .- f a 

Osteoblasts. — ^In Fig. 558, stages are shown in the transformation 0 

cartilage cell into an osteoblast or bone-producing cell. In a cartdage 
cell or chondroblast rests against a bar of calcified cartilage (a), to w ic 
it is connected by numerous short processes. In B, these processes (c; 
have become greatly elongated ; in (7, a peripheral part of the ce is 
shown, greatly magnified. Between its processes a calcified ge 4 , 
become deposited. With the appearance of this deposit, which is one, 
the cartilage cell becomes a bone cell, or osteoblast. _ 

In Fig. 559 osteoblasts are shown at work under tj^^e 
conditions. In A they are beginning to build against a calcifie c 
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is the shaft separating the epiphysial ends which represents a later stage 

in the evolution of bones. -c t* 

In the shafts of long bones, to the process of endochondral ossihcation, 
another, the ectochondral, is added (Fig. 561, A, By C, D]. An endo- 
chondral centre is formed as in the tarsal bones, and from this centre the 
process extends rapidly in every direction. The invading osteoblasts 
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.i. Ossification wltliiii tlie cartilage of llie ihall. 

D. Complete ossification of the miildle part of Ute stiaft 

C rormstlon of bone in the shaft ositsMe the cartilage by osteoblasts lying beneath 
the perichondrium (now named peiiosteum). 

D. Complete absorption of the endochondral bone of the slnft ; formation of a medul- 
lary cavity , arpearance of endochondral centres in the epiphyses ; formation of 
the eplphysla! hues. 


arc derived from the deeper cells of the perichondrium (Fig. 559, B) 
perichondral cells become converted, under an undetected influence, 
mto osteoblasts [12]. Some of the osteoblasts, instead of invading the 
cartilage, form a layer beneath the perichondrium, which surrounds 
the cartilaginous substance of the bone. The perichondrium now 
becomes periosteum ; the .depwit of periosteal (membranous) bone leads 
to an inerea'^e in the thickness of the shaft (Fig. 561, C) ; the extension 
of the endochondral ossification into the growing cartilaginous ends of 
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the medullary artery, as it reaches the grovring ends, breaks up into 
a network of fine arterio-venous channels (Fig. 563). In Fig. 559, 0, 
osteoblasts are seen to be laying do^vn bone against the wall of such 
channels. In this way Haversian systems are formed. It is in this 
manner that bone is laid down under the periosteum of long bones, imder 
the periosteal covering of flat bones, such as those of the skull, and at the 
epiphysial ends of bones. Further, an osteoblast may change from being 
an agent concerned in the deposition of bone to one concerned in its 
absorption (osteoclast). 

Ossification of Bones. — The simplest and most primitive manner in 
which bones pass from the cartilaginous to the osseous stage is seen in 
the carpus and tarsus (Fig. 560). Bone is deposited 'vsdthin the cartilage 
by a process of endochondral ossification. The various stages in this 
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FIQ. 660. Section of the Tarsus in the 3rd year of development to show pure Endo- 

cliondral Formation of Bone. 



process may be grouped as follows : (?•) calcification of the inter- 
cellular matrix in the centre of the bone — a temporary phase in human 
ossification, but a permanent one in some fishes ; {ii) an invasion of 
vasoformative and osteoblastic cells, which, commencing at a pomt 
beneath the perichondrium, reach the middle of the central area of 
calcification and form a centre of ossification (Fig. 500). The osteoblasts 
and their accompanying vessels, when the cartilage cells are absorbed, ^ 
deposit bone in the spaces of the calcified matrix [11]. A section through 
an ossifying and growing carpal bone shows {i) a centre of .ossification ; i 
(u) a surrounding narrow area of calcification ; (ni) a peripheral- area ; 
of actively growing cartilage ; (iv) a covering membrane or peri^ 
chondrium. The processes of growth and ossification cease when the? 
cartilage beneath the perichondrium is completely transformed to bon^ 
Not only are the tarsal and carpal bones formed thus, but so are the 
epiphysial ends of all long bones. Indeed, we must regard the ends of 
embryonic long bones as unchanged remnants of an original state ; it 
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diaphysial side of the disc the cartilage cells are growing extremely 
rapidly ; they are arranged in colnmns ; the cells near the middle of 
the column are undergoing division (Fig- 562). No matter in what plane 
a cell divides, its progeny moves into ite proper place in the vertical 
rank [14]. The cells as they approach the diaphysial margin undergo 
a curious change ; their nuclei, which eventually disintegrate, appear 
to occupy empty spaces. These spaces Prof. H. A. Harris found to be 
filled with glycogen [15]. Osteoblasts invade the spaces ; the cartilage 
between the cell columns undergoes calcification ; the bars thus calcified 
provide a preliminary scaSolding for the mvading osteoblasts to build 
on. Clearly the behaviour of chondroblasts and of osteoblasts is part 
of a co-ordmated growth movement. In the disorder of bone-growth 
known as achondroplasia the cartilage cells are no longer formed in 
orderly ranks [16], 

At maturity the cartilage cells, having ceased to divide, every growth 
disc becomes permeated with osteoblasts and is finally converted mto 
a plate of dense bone. Such dense plates may be formed at the ends of 
long bones if growth becomes disturbed from illness or from, malnutrition. 
Later, when growth is resumed, these become incorporated in the shafts, 
where they appear as transverse Imcs [17]. The growth disc becomes 
obliterated earber in women than in men [18]. Dr. J. W. Pryor found 
that fusion of the epiphyses with shafts of long bones took place in women 
between the 14th and 16th years ; in men between the 17th and 20th 
years. The centres of ossification appear earlier m girls than in boys ; 
Dr. Ruth Wallis observed that centres of ossification in the hand — 19 in 
number — were all m existence in girls by the age of 2 years 5 months ; 
in boys they had not all appeared until 6 years of age. The state of 
ossific centres gives a clue to physiological age as contrasted with age 
in years. Recent observations have shown that not only should the 
centres for the distal epiphysis of femur and proximal of tibia be present 
at birth, but that for the head of the humerus as well. All epiphyses 
have joined by the 20th year , there arc only three exceptions— at the 
sternal end of the cla\'iclc, along the vertebral border of the scapula, 
and along the crest of the ilnun. The date of union may be delayed 
from several causes [19]. 

Nutrient Vessels.—The manner in which nutrient vessels break up 
to form a mesh work at the growing ends of long bones is illustrated in 
Fig. 5G3. In the case of the foetal tibia (S) the nutrient artery on 
entering the medullary cavity is seen to divide into a proximal and a 
distal branch, each of which ends in a brushwork within the proximal 
and distal diaphysial discs (d, I). The clavicle (^) is served by its nutrient 
artery in much the same way, save that the branch which turns towards 
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the bone leads to an increase in the length of the shaft. As the periosteal 
bone is deposited, the endochondral bone vrithin the shaft is absorbed 
and a medullary cavity is formed, in which red marrow begins to appear 
in the 6th month (Fig. 561, D). The cartilaginous parts of the bonej; 
at each extremity of the shaft, form the epiphyses. ^Vhen the endo-j 
chondral centres appear Avithin the epiphyses, a line of growing cartilage 

is gradually isolated between them and the en- 
dochondral centre of the shaft (Fig. 561, 2?). At 
the epiphysial line in. length, the 

addition being made solely at the shaft or dia- 
physial side of the line. These growth discs should 
therefore be named not epiphysial but diaphysial. 
Indeed, the addition made by an epiphysis to the 
length of a long bone is made almost entirely under 
the articular surface (Payton). By the formation 
of epiphyses at the ends of long bones, the growing 
hne of cartilage is sheltered from the friction and 
stress to which it would_be exposed if situated on 
the articular ends of the bones. All the cartilage 
of a bone, except that on the articular surfaces, is 
ossified when the body is fully grown. In the 
growth of a long bone, such as the humerus, the 
proximal and distal diaphysial lines take an unequal 
share [13J. Digby found that while the proximal 
line added 4 parts to the length of the humerus the 
distal line contributed only 1 part. By feeding 
pigs on madder Dr. C. G. Payton succeeded in de- 

................ monstrating the rates at which growth takes place 

Long Bone!’’ ^AftCT’SoL proximal and. distal ends of the shafts or 

?f ^duihysisf°jT/^iaw lo^g bones. The most rapidly growing of all the 
fagroL^’rSatio^n to epiphysial lines of the body is that at the distal end 
carSage ^ ’e^t- ^^.6 femuT ; it is therefore the most liable to be 

epiphyks jSt fomed. affected in rickets (H. A. Harris). On the other 
hand the disc at the proximal end of the humerus 
is the Jast of those of long bones to “ close down ” (19th to 21st year). 
The chief nutrient canal of a long bone points to the centre at which 
endochondral ossification commenced in the shaft. 

Diaphysial or Growth Discs. — ^In Fig. 562 is given a diagrammatic 
representation of an ‘‘ epiphysial line ” or growth disc from a human 
long bone approaching maturity. The cartilage cells along the epiphysial 
margin are arranged irregularly ; epiphysial osteoblasts are invadmg 
the cartilage and laying down bone only to a slight extent. On the 
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diaphysial side of the disc the cartilage cells are grow-ing extremely 
rapidly ; they are arranged in columns ; the cells near the middle of 
the column are undergoing division (Fig.*5C2). No matter in what plane 
a cell divides, its progeny moves into its proper place in the vertical 
rank [14]. The cells as they approach the diaphysial margin undergo 
a curious change ; their nuclei, which eventually disintegrate, appear 
to occupy empty spaces. These spaces Prof. H. A. Harris found to he 
filled with glycogen [ID]. Osteoblasts invade the spaces ; the cartilage 
between the cell columns undergoes calcification ; the bars thus calcified 
provide a preliminary scaffolding for the invading osteoblasts to build 
on. Clearly the behaWour of chondroblasts and of osteoblasts is part 
of a co-ordinated growth movement. In the disorder of hone-growth 
knn\vn as achondroplasia the cartilage cells are no longer formed in 
orderly ranks [16]. 

At maturity the cartilage cells, having ceased to divide, every growth 
disc becomes permeated with osteoblasts and is finally converted into 
a plate of dense bone. Such dense plates may be formed at the ends of 
long bones if growth becomes disturbed from illnc.ss or from malnutrition. 
Later, when growth is resumed, these become incorporated in the sbafts, 
where they appear as transverse lines [17]. The growth disc becomes 
obliterated earher in women than in men [18]. Dr. J. \V. Pryor found 
that fusion of the epiphyses with shafts of long bones took place in women 
between the 14th and 16th years ; in men between the 17th and 20th 
years. The centres of ossification appear earlier m girls than in boys ; 
Dr. Ruth Wallis observed that centres of ossification in the hand — 19 in 
number — were all in existence in girls by the age of 2 years 5 months ; 
in boys they had not all appeared until 5 years of age. The state of 
ossific centres gives a clue to physiological age as contrasted with age 
in years. Recent observations have shown that not only should the 
centres for the distal epiphysis of femur and proximal of tibia be present 
at birth, but that for the head of the humerus as well. All epiphyses 
have joined by the 20th year ; there are only three exceptions— at the 
sternal end of the clavicle, along the vertebral border of the scapula, 
and along the crest of the ilium. The date of union may be delayed 
from several causes [19]. 

Nutrient Vessels.— The manner in which nutrient vessels break up 
to form a mesh work at the growing ends of long bones is illustrated in 
Fig. 563. In the case of the foetal tibia (B) the nutrient artery on 
entering the medullary cavity is seen to divide into a proximal and a 
distal branch, each of which ends in a brushwork within the proximal 
and distal diaphysial discs {d, 1). The clavicle {A ) is served by its nutrient 
artery in much the same way, save that the branch which turns towards 
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tLe acrormal end does not terminate in a distinct brush of vessels, for 
at that end there is no epiphysial disc. The nutrient arteries are the 
chief source of supply to long bones until the 2nd year, when periosteal 
vessels take over the nourishment of all but the interior parts. 

Remodelling [21]. — In Fig. 563, (7, the distal end of a femur illustrates 
a failure in the process of remodelling. The growth disc of a long bone 
is always wider than the more proximal part of its shaft. The adult 
width of the disc in C is indicated by the line a-a ; its width at the 13th 
year is indicated by the line a'-a\ In the normal process of remodelling, 
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FlG_. 563. 

A. A Clavicle of a newly born Child with its nutrient arteries injected. (Anseroff.) 

S. Tibia of a “th-montU foetus witli its nutrient arterj' injected. _ (Anseroff.) n.a., 
nutrient arterj’ ; d.C, diaphysial growth h'nc ; e.a., epiphysial artenes ; 
cartilaginous epiplfj’sis. 

C. Femur showing a cylindrical thickening of the distal part of its shaft due_ to a failure 
of the remodelling process. (After Suk.) a-a, uidth of diaphysjal <hsc ^ 
maturity ; a'-a', width in adolescence ; I/, h, bone which should ha-ve been 
absorbed in the process of reniodeJling. 

which follows in the rear of the growing disc, the peripheral bone (6, b) 
is absorbed and the diameters reduced to the size shown in the illustra- ^ 
tion. John Hunter w'as the first to realize and demonstrate the extent 
to which bones are remodelled as they grow. Prof. Brash has shown the 
extent to which even the tabular bones of the sknll are reshaped as they 
grow [21j. In the disorder of growiih knowm as diaphysial aclasis, 
there is an extensive failure in the process of remodelling [22]. 

Control of Osteoblasts [23]. — YSTth the discovery of hormones at the 
beginning of the present century, together with a more accurate knowledge 
of growth disorders, such as acromegaly, achondroplasia, etc., it became 
apparent that bone formation was influenced by substances formed m t 
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glands of intoinal accretion. In. tho thitd decade of this century three 

discoveries were made which threw new light on bone formation: (t) The- 

discovery that the amoxmt of calcium in circulation was regulated by 
the action of the parathyroids adenomatous enlargement of the para- 
thyroid led to absorption of certain areas of bone, (it) Tlie discovery 
by Dr. R. Robison, of the Lister Institute, London, that the deposition 
of calcium salts to form bone is regulated by an. enzyme— ji/iospftaiase [24]. 
Phosphatase is present in the plasma of the blood and is formed by various 
lands of cells— including osteoblasts and particularly by ripe distended 
cartilage cells. Prof. Harris infers from the presence of glycogen in 
enlarged cartilage cells at the sites of ossification that such cells also 
produce phosphatase, (tit) The discovery that embryonic bones can 
be kept ^live and studied by the sanie methods as are employed by 
bacteriologists in the study of micro-organisms [25]. By using such 
methods Dr. Honor Fell has greatly enlarged our knowledge of the life- 
histories of cartilage cells and of bone cells. And {iv) the recognition 
that a due proportion of Mtamins and of mineral salts must be present 
in a child's diet if its ossification is to proceed normally. 

For some years surgeons have recognized that a transplant of dead 
bone serves quite as well as a IRing one to induce a formation of new 
bone. One must infer that in bone, be it dead or alive, there is a sub- 
stance which serves as an invocator in calling out the bone-forming 
competence of living cartilage cells, or connective tissue cells, with which 
a transplant is brought in contact. Cartilage also contains such an 
agent. IVTien an extract made from the epiphysial ends of the bones 
of newly born rabbits is injected into the thigh muscles of adult rabbits, 
true bone is formed at the site of injection (Lacroix). 

Nature of Epiphyses. — Epiphyses are of three kinds [26] : (i) pressure 
' ' epiphyses, forming the articular extremities of long bones (Fig. 5G4, B) ; 
(ii) traction epiphyses, which form processes for the insertion of muscles 
(Fig. 564, B) ; (lu) atavistic epiphyses, formed by the union of an ele- 
ment which formerly emsted as a separate bone (Fig. 564, .4). 

^ The up per ex tremity of the femur affords typical examples of pressure 
IJ, and traction epiphyses. By extension of the ossification of the shaft 
’ within the cartilage of the upper extremity of the femur, the pressure and 
traction epiphyses become widely separated to form the head and tro- 
chanters. Pressure epiphyses are the first to ossify, their centres appear- 
ing in the order of their functional importance ; they are always fitted 
to the shaft by a species of dovetailmg to withstand dislocating forces. 
The upper extremity of the shaft of the humerus projects as a three-sided 
pyramid within the epiphyses j the lower end of the shaft of the femur 
is fitted within its lower epiphysis by a number of projections not well 
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marked in the kuman bone but pronounced in those ammals which main- 
tain the knee in a flexed position. Epiphyses are mammahan characters . 
vet their rudiments are to be seen in reptiha [27]. 

The great trochanter is the traction epiphysis ^ T® o . 

and minimus ; the small trochanter, of the psoas and ihacus ; the 3r 
Jrbchhlr ii^ which a centre appears in the 20th year that of the 

In the Bth foetal month a 
fppoars at the insertion of the gluteus mammus. A 
lateral border of the trough and usually grows over jbterato^th^ 
depression. The 3rd trochanter arises at the upper or ^ 

the teongh ; it is more frequently to be found m the femur of 
in that of any other of the primates [28]. The epiphysis o gi 
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A The Epiphyelal CartUage of the p/brand Ischium, which arises from the median 

cartilag%fthe pelvic girdle. j extremity of the Femur. __ 

B. Traction and Pressure Epiphyses o epiphysis ; 6, occasional epiphysis , 

trochanter of the rabbit continues [29]. 

insertions of the gluteal muse es ® cited the following : those 

As examples the median pelvic bar (Figs, 

of the ischium and pubis (F g. . , ir^iTilivsis on the os calcis, the scale- 

5167 564)' V the coracoid process ; the ppy jj^^ernal and external 

l^e epiphysis of the olecranon ( ig^ sesamoid ossifications, 

epicondyles of the humerus in y +PTiflons of the pophteus, outer 

such as are now seen in the pateUa m ^^^^^^ 

S'r’jr.s.KSS .“.-sr-r— . 
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from one or sometimes Wo centres, which appear in the 2ad year. 
Occasionally the patella is bipartite [32]. 

Blood-Supply of Epiphyses [33].— In the 5th month of foetal life 
vessels 'penetrate at many points on the surface of epiphyses, all save 
their articular areas. Such ves.scls arise as ingrondlis from the vascular 
perichondrium (Hurrell) ; they represent local submergences of the 
perichondrium (Haines)— both interpretations may be valid. 

Aberrant Epiphyses [34]. — The metacarpal bone of the thumb, although 
it is in the same series as other mctacarj>als, yet, as it serves as a phalanx, 
ossifies in the phalangeal way, namely, with only a proximal epiphysis 
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FlO M5. 

A. Bones of the thumb irith normal proximal epipbraea (a. e). 

B Bones of the thumb, the metacarpal ImtIds a distal as irell as a proximal epiphysis. 
C. Bones of the Cnd dl^t with the usual epiphyses. 

D The same, save that the metacarpal has a proximal as well as a dUstal epiphysis 
B A case where the lat and 2nd metacarpals are coDloined, there being a common 
proximal epiphysis, but only the 2nd metacarpal has a distal epiphysis. 


(Fig 665, A). Like other metacarpals, it may also have a distal epiphysis 
and still retain the proximal one (Fig. 565, B). The 2nd and 5th meta- 
carpals — and the same is true of the corresponding metatarsals have 

occasionally a proximal epiphysis (i>). It 13 tlie distal ends of the same 
metacarpals that may be provided with sesamoids (see p. 629). In 
cases where the 1 st and 2 nd metacarpals arc conjoined, as in “ claw 
hand,” there may be a common proximal epiphysis {E), but only the 
2nd metacarpal has a distal epiphysis. If digits imdergo reduction of 
development, as in the three outer toes of the human foot, the imperfec- 
tion is centred in the middle phalanx ; it may remain unseparated from 
the terminal phalanx. This also occurs in cases of brachydactyly [33]. 

Lines of Pressure and Tension of Bones.— The trabeculae in which the 
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marked in the human bone but pronounced in those animals which main- 
tain the knee in a flexed position . Epiphyses are mammalian characters ; 
yet their rudiments are to be seen in reptilia [27]. 

The great trochanter is the traction epiphysis of the gluteus medius 
and minimus ; the small trochanter, of the psoas and iliacus ; the 3rd 
trochanter, in which a centre appears in the 20th year, that of the 
gluteus maximus. In the 5th foetal month a trough-hke depression 
appears at the insertion of the gluteus maximus. A ridge arises at the 
lateral border of the trough and usually grows over and obliterates the 
depression. The 3rd trochanter arises at the upper or proximal end of 
the trough ; it is more frequently to be found in the femur of man than 
in that of any other of the primates [28]. The epiphysis of the great 



A. The Epiphysial Cartilage of the Pubis and Ischium, which arises from the median 
cartilage of the pelvic girdle. (Parsons.) 

S. Traction and Pressure Epiphyses on the upper extremity of the Femur. 

C, The Epiphyses of the Olecranon ; a, the usual epiphysis ; 6, occasional epiphysis; 
both a and b may be present. (Fawcett.) 

trochanter of the rabbit continues to develop normally although the 
insertions of the gluteal muscles have been detached (Appleton) [29]. 

As examples of atavistic epiphyses. Parsons cited the following : those 
of ^ tile ischium and pubis (Fig. 564, A) from the median pelvic bar (Figs, 
516, 564) ; the coracoid process ; the epiphysis on the os calcis, the scale- 
like epiphysis of the olecranon (Fig. 564, C). The internal and external 
epicondyles of the humerus may be derived from sesamoid ossifications, 
such as are now seen in the patella, in the tendons of the popliteus, outer 
head of gastrocnemius (occasional), peroneus longus, tibialis posticus 
and at the metacarpo-phalangeal joints of the thumb and great toe [30]. 
The patella is usually regarded as a sesamoid, but Mile. Bertha Vriese 
collected evidence to show that it is really a true morphological skeletal 
element [31]. 

The patella, which begins to be developed in the deep fibres of the 
tendon of the quadriceps muscle in the 7th week (Walmsley), is ossified 
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man, W. M., Amer. Anthrop., 1935, 37, 92 (growth of long bones m anthropoids), 

[14] For growth of cartilage m diaphysial discs, see Dodds, C. S., Anat. Bee., 
1930, 46, 385; Ham, A. W., ibid., 1931, 51, 12.5 ; see also Harris, H. A., and 
ilurray, P. D. F., note [10] 

[16] Nature, 1932, 130, 996 ; Fell and Robison, ibid., 1933, 131, 62 ; Borchese 
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Inedman, Jour. Allergy, 1937, 9, 54. 
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bony matter is deposited by tbe osteoblasts, are arranged so as to with- 
stand the forces to which the body is subjected, thus exemplifying 
Wolff’s law [35]. }\Uien a bone, such as the astragalus, rib or neck of 
the femur, is laid open by a section, the trabeculae appear to form straight 
lines or septa, which converge and meet at various angles ; when, how- 
ever, such bones are examined stereoscopically Avith X-rays, the 
trabeculae are seen to be arranged in a double spiral — one system twisting 
from right to left, the other from left to right (Haughton and Dixon) [36]. 
By this means the greatest strength is obtained with the least 
expenditure of material. 

Bones serve also as storehouses of calcium for the use of the bodily 
economy, ^^^len bone is absorbed, as in functional atrophy, it is the 
transverse or tension lamellae which undergo reduction first (Harris). 

Morphogenesis of Long Bones [37]. — Prof. Appleton produced an 
alteration of torsion in the femora of growing rabbits by section of the 
muscles w^hich act as internal rotators. If a limb is deprived of its nerve 
supply, its bones attain their normal length, but are slender and destitute 
of muscular markings (Tower). If fibrous tissue is permanently com- 
pressed, it assumes the texture of cartilage (Krompecher) ; if a segment 
of the rectus abdominis is treated in a similar way, it becomes bony 
(Carey). With the assumption of the quadrupedal gait, the vertebrate 
fore-limb imderwent rotation so that the elbow became directed back- 
wards, while in the hind limb the Imee was turned in front. Forward 
propulsion in the fore-limb was obtained at the elbow, while in the hind- 
limb this was obtained at the ankle joint. Thus, in a functional sense, 
the heel corresponds to the olecranon (Martin). Flattening of the tibia 
from side to side (platycnemia) and flattening of the proximal shaft of 
the femur (platymeria), conditions which prevailed amongst the ancient 
inhabitants of Britain, still remain unexplained. These features of the 
tibia and femur do not appear to be due to peculiarities in gait, for the 
late Dr. Dudley Buxton found that there were corresponding changes in 
the bones of the upper extremity. As the human brain imderwent its 
evolutionary elaboration there appears to have been a corresponding 
elaboration in the architecture of the human skeleton (Wright). 
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fiae hairs or Janugo. This is also the condition in the human foetus at a 
corresponding period ; in man, although the foetal crop of lanugo is 
succeeded by a general outgrowth of fully developed hair, yet we may 
regard the human condition as representing an arrest of hair develop- 
ment at a stage seen in foetal apes. Man has come by his hairlessness, 
as by many of his other characteristics, by retaining to adult life 
features which appear only in the developmental life of great anthro- , 
poids [2]. The human skin is also more sensitive and more richly.^ . 
supplied with sensory nerves than is the cjwc in other primates. It was f 
the opinion of the late Sir G. Elliot-Smith that the rich sensory supply'’ 
to the skin must have been a factor in bringing about the large size of 
the human brain. Perhaps it is better to regard brain and sldn develop- 
ment as correlated processes. 

There arc on record a number of cases of men and women in whom the 
whole surface of the body was coated with a close covering of hair. 
The development of hair on the face is certainly regulated by a secretion 
derived from the sexual glands, for in eunuchs the beard is never 
developed. It is also well known that the pituitary, adrenal and thyroid 
have a direct influence on the development and growth of hair. Des- 
quamation from the epidermis begins in the 3rd month of foetal life 
and never ceases until death. In a certain disease of foetal life, named 
Ichthyosis, desquamation docs not take place ; the unshed epidermis 
forms cracked cakes on the surface of the child at birth. Hairlessness 
characterizes certain breed of dogs and mice [3]. 

Development oi the Skin [4]. — Considerable assistance in the under- 
standing of the diseases to which the skin is liable and of the nature of the 
grov.'ths which arise from the epidermis, such as corns, bunions and 
cancer, is to be obtained by studying the manner in which the skm is • 
developed. At first the human embryo is covered by a single layer of 
epithehum {epiblast or ectoderm), as is the case in the adult amphioxus. 

By the end of the Ist month there arc two layers, the lower representing 
the germinal or basal layer ; the upper the^gjiirichium, so named because 
it was supposed that hairs are developed beneath it, and when they grow 
out in the 3rd month this surface layer of flat epithelium was shed. 
This evanescent foetal layer is also known as the periderm. During the 
2nd month gTOT.vth activity is more marked in the mesoderm of the 
cutis than in the ectoderm ; on the 3rd month this incidence is reversed 
(Steiner). 

In the 3rd month we find development processes in full activity in the 
skin ; three strata are recognizable in the epidermis— all derived from 
the single germinal layer. These are: (f) a basal layer— a single stratum 
of cubical or columnar cells, representing the primitive germmal epithe- 
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Stages in the Evolution of the Skin. — We have already seen that the 
structures which are developed in the human embryo can be best ex- 
plained by supposing that at one stage of evolution the ancestry of 
mammals lived and Isreathcd in water. The sldn of the human embryo 
until the end of the 2nd month of development is translucent, and has 
many points in common with that of the lowest gill-bearing vertebrates. 
It then consists of two layers — a deep or germinal, consisting of cubical 
epithelium, and a superficial, made up of flattened cells (Fig. 567, A). 
In the 3rd month this superficial layer, Imown as the epitrichium or 



Fio. 566. Showing the Arrangement of Hair Groups in the Human Foetus and their 
Keiationship to Hypothetical Dermal Scales. (Stohr.) 

periderm, becomes horny in nature, recalling a stage which represents 
the evolution into a terrestrial form of life. The appendages of the sldn 
— ^its hair and glands — appear later ; they seem to be modifications of 
glandular and sensory structures seen in the soft sldn of amphibia. 
The hairs are developed in groups and lines [1]. Their arrangement 
can be accoimted for by supposing that the sMn of primitive mammals 
was covered by scales and that the hairs sprouted out in groups at their 
tessellated junctions, as in certain living edentates (see Fig. 566). The 
human hairs are arranged in irregular series, but in most instances only 
the chief hair of a group is developed. In a late period of foetal life, < 
however, the chief hair has one or two subsidiary hairs planted on either 
side of it — making one of a group of three or five hairs. 

The skin of man, compared to the other primates, is comparatively 
hairless. We must regard his nudity as a lately acquired character. 

At the 7th month of foetal life the chimpanzee and gorilla have hair only 
on the scalp, eyebrows and lips ; the rest of the body is nude, except for 
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subsequently subdivided into papillae. The do^vn-groTving nature of 
the ectodermal (epidermal) cells which is hero exemplified is of the 
greatest clinical importance. The enamel organs, we have seen, arose 
by a species of downgrowth of the epidermis ; so do hairs, sweat glands 
and sebaceous follicles. Prolonged pressure and friction weld the 
corneous cells into a solid plate, such as the callosities seen on the palms 
of manual labourers. Normal desquamation is arrested ; the cells 
produced in the deeper layers, unable to grow to the surface, grow 
inwards and produce corns. In cancer, the epithelial cells of the skin 
renew their youth and invade the dermis and deeper tissues. 

Sweat glands begin to arise as buds from the ectodermal troughs in 
the 4th month foetus (Fig. 567, B). Their ducts open on the surface 
of the skin in lines or rows corresponding to the primary epidermal^ 
furrows. In the 5th month the epidermis round their mouths is raised'^ 
into ridges, and it is these ridges which give rise to the papillary 
patterns on the balls of the fingers and elevations of the palm. It will be 1 



Fio. 563. The more commoa p&Uenis formed br the Dermal Papillae on the Tips of 
the Floeen. 

A, the loop pattern. B, the triangle pattern. C, the wbotl pattern. 

thus seen that the epidermal ridges correspond not to the lines of derma 
papillae, but to the furrows of epidermis lying between the papillae. 

The papillary_^lines,on.thc palms and..fingers.are.richly-supphedJby 
nerw^and £erve as organs .of touch ;-they also give security .of grasp 
(Hepburn)^ They are arranged in most variable patterns, but the pre- 
vailing types in man are tbos^mranged-as loops,. spirals or whorls 
(Fig. 568). These are also the patterns found on the hands and feet of 
anthropoid apes [7]. So much does each pattern vary and so variable 
is the sequence of the patterns on the pulps of the digits, that no two 
people show exactly the same patterns occurring in the same order 
counting from thumb to little finger in both hands. Hence the impress 
of the ten finger-tips has been successfully used in the identification of 
criminals. The patterns on the left hand do not represent a mirror- 
image of those of the opposite or right hand ; certain combinations are 
characteristic of the right hand, others of the left. In people who are 
congenitally left-handed the combinations in the two hands are more 
alike than is the case in right-handed people (Newman). 



652 


HTBIAN EMBEYOLOGY AND MORPHOLOGY 

Hum (Fig. 567, B ) ; [ii) an intermediate or mucous stratum, several 
ceils deep ; {Hi) a Heaped'Up superficial or corneous stratum, repre- 
senting the protecting but perishing superficial covering of the skin. 
At the same time the opening phases in tlie development of hair folHcles, 
sebaceous and sweat glands and of skin ridges and papillae are to be 
detected. In the 5th month the slraluni lucidum becomes difierentiated 
between the mucous and corneous strata. 

The epidermis rests at first on imdifferentiated mesoderm, consisting 
of small roimd cells closely imbedded in a mucoid matrbe. This is the',’ 
normal structure of undifEcrentiated mesoderm. The superficial meso- 
dermal cells become condensed beneath the epidermis to form a corium 
towards the end of the 2nd month ; an areolar or subcutaneous stratum • 
of tissue is differentiated at the same time. Connective tissue fibrils 
begin to develop in the mucoid substance (gel) immediately surroimding 
the mesodermal cells and by the 5th month the mucoid substance has 



Fig. 567. 


A. Diagrammatic section of the Skin at the commencemeuc of the 2nd month. 

B. Diagrammatic section of the Skin at the commencement of tiie 5th month. 

a. a. a. Infoldings of the epidermis between the primary ridges. 

almost disappeared ; but even in adult life, when the thyroid body is 
diseased or removed, a mucoid substance may reappear, and a condition 
resembling the foetal state be thus produced. In the mucous membranes 
of the Hps, anus and vulva, the superficial layer of epithefium does not 
h become cornified. 

Formation of Dermal Papillae [5]. — ^Up to the end of the 3rd month the 
epidermis is easily detached from the corium as a flat membrane, but 
early in the 4th month they become more closely united by ridges of 
epidermis becoming folded within corresponding furrows on the corium. 
About the 4th month, the dermal papillae, which are grouped in lines 
and ridges, as is well seen in the palm, are formed in the following 

manner : \ • 

Long, linear furrows of epidermis grow down into the dermis (conum) 
and divide its surface into narrow ridges (Fig. 567, B). These ridges are 
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skin of reptilia (Gegenbaur). These touch bodies are composed of 
epithelial cells, having the same shape and arrangement as those Trhich 
form the taste buds in the ciicnmvaUate papillae of the human tongue. 
The cells which cap the hair papilla evidently represent the primary 
sensory cells of the touch bodies ; they are situated in line, and continuous 
with the basal or germinal layer of the skin. The primary function of 
the hairs as touch organa is seen in the vibrissae round the mouths of 
carnivora. Friedenthal has found that certain of the hair-roots in the 
lips and eyebrows of the human foetus develop the same large sensory ^ 
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FiQ 5*0 Palm ofthe Hand or&lIuQiaa Foetu^shotring the orderin nhtch the crease 
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and XV at U weeks (Wttrth ) 


Fio 571 A dlagraia to show the rtetallon of the Sheaths of a developing Hair-root to 

the Strata of the Epidermis <After Jordan and Elndxed ) 
a, apex of halr-raislDB periderm (5); e. combined stratum corneutn and stratum 
lucldum, which form the sheath of Uuxley (t), and of Henle fj): d, stratum 
granulosum (mucosum), e, stratum eerraativum; /, cuUs: n, anlage of 
arrector pUae; i, anlage of new ha(r-root, I, hair bulb ; ni, hair papilla 


bulbs as are found in the roots of the vibrissae of lower mammals, 
but in man their appearance is transient. Lower primates have a tuft 
of vibrissae placed amongst the hairs of the wrist. It is situated towards 
the ulnar border of the flexor surface, and serves as a special touch 
organ. Dr. A. H. Schultz found a vestige of the wrist vibrissae in the 
human foetus [8]. 

■“ The first stage in the development of a hair is the ingrowth of epidermis 
as a solid bud, which pushes in front of it the dermis to form the papilla 
jin which the hair grows (Fig. 672). All strata of the epidermis, save 
the periderm (epitrichium), are carried inwards to form the hair sheath 
and hair toot. Three stages in the development of a hair follicle are 
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These' epidermal patterns are formed on elevations ■which appear on 
the human hand and foot at the end of the 2nd month, and which certainly 
correspond to the horny volar pads found on the feet of quadrupeds 
(see Fig. 549). Besides the elevations on the terminal phalanges there 
are five situated on the palm and sole at the base of the digits. Three 
others are situated on the proximal part of the palm. In the human 
foot the elevation corresponding to the hjqpothenar elevation of the palm 
undergoes a remarkable enlargement to cover the heel (Fig. 569,/). j 
■Lines of the Palm [6]. — The lines which cross the palm and the flexon 
aspect of the fingers are at the sites where the sldn is folded when the 
hand is closed and used for grasping Yet they are developed before 
movements occirr in the foetal hand. When pads are being formed and 
papillary ridges developed, the cutis and epidermis, Jalong-the-sites'of 



HAND FOOT 

Fig. 569. The " Fad " Elevations on the Palm and Sole of a Human Foetus at the 
end of the 2nd montli of development. (After Ketzius.) 
a, thenar pad ; b, c, d, interdigital pads ; e, minimal pad ; /, /, proximal pads 
on palm and heel. Compare with Fig. 549, A, B, O. 

fiexio n l ines, remain undeveloped and bound to the underlying sub- 
cutaneous tissue. Fig. 570, "taken from Dr. Wurth’s monograph, shows 
the order in which the fines appear in the foetal palm, I, appearing in 
the 8th week, lY, the last, during the 14th week. In the pahn of the 
ape, 11 takes the position shown in Fig. 570 as II' ; this transverse or 
simian disposition of the distal transverse fine occurs frequently in the 
pahns of Mongolian idiots. In them, too, the little finger has often only 
two creases instead of the usual three (Penrose). 

. — ^Hafirs begin to develop in the 4th month, although in some 
regions, such as the eyebrows and lips, their formation begins a month 
earlier. Morphologically a hair may be regarded as a dermal papilla 
which has sui^ into the subcutaneous tissue and become capped by a ^ 
process of epidermis (Fig. 671). Hairs appear to have been primarily / 
touch organs, and are modifications of the touch bodies found in the J. 
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the manner in which new hairs are produced resembles that of teeth, 
viz. from processes of the original bud. Hairs appear first on the head 
and then on other parts of the body. In the human body fat deposited 
in the subcutaneous tissue takes the place of hair as a heat conserver. 
Certain sexual hair-growths appear at puberty on the face, pubes and 
axilla. Morphologically, the axillae correspond to the inguino-pubic 
region, and it may be that this homology will help to explain why the 
axillae as well as the groin should be the sites of sexual hair, for there is 
a peisistent tendency towards symmetry of development in the upper 
and lower extremities (see p. 598). The primitive mammary ridges, 
also sexual structures, end at the axilla and grom. 

Hairs as they grow out from the skin are set at a definite angle, sof t 
that there is a characteristic pattern or slope for each field of the bodyj J 
On the human body the hair slopes are apt to vary, but on the whol^ 
they are nearly the same as in the anthropoid body, the greatest difference 
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lying in the frequency with which the hairs on the dorsal aspect of the 
human trunk are directed upwards (headwards) instead of downwards 
as in anthropoids [7]. 

J Nails. — The nails are made up of three strata, representing the basal 
■layer of cylindrical cells, the stratum mucosum and the stratum lucidum 
/of the skin, the corneous layer being lost after the 4th month of foetal 
life. They appear first in the 3rd month as fields of thickened epidermis 
, on the tips of the digits (Fig. 554), but are afterwards shifted dorsally, 
carrymg their palmar nerves with them, so that the terminal phalanx 
is wholly supplied from the palmar digital branches. At the end of the 
3rd month the germinal layer of epithelium at the proximal margin of 
the nail field forms a lamina which grows into the dermis to form the 
root and is thus overhung by a reflection of skin— the nail fold (Fig. 
574). The nail of the little toe, a digit in a retrograde phase of develop- 
ment, is frequently shaped like a claw, probably a reversion to a primitive 
form. The nail is produced on the scattered papillae (the matrix) at 
its root. The area of production is marked by the lunule. On the nail 
bed, in front of the lunule, the papillae are arranged in longitudinal rows. 
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shown in Fig. 572. As the follicle grows downwards the fimdns of its// 
shaft expands to form a bulb. Outside the follicular bulb mesodermaly 
cells collect to become a papilla. Presently the bulb is invaginated by 
the papilla, which thus becomes clothed by the central cells of the basal 
stratum, while the surrounding wall of the bulb is lined by peripheral 
basal cells. On the papilla and within the shaft of the follicle is produced 
a mass of cells — ^the liair cone (Fig. 572, C ) — the first rudiment of a hair. 
The centn 1 cells on the papilla give rise to those W'hich form the core or 
pith of the hair shaft ; they represent the stratum lucidum of the 
epidermis and the sheath of Henle in the hair follicle (Fig. 571, j). The 
cortex of the hair corresponds to the deep cells of the stratum corneum 



Fig. 572. Three Stages 3n the Development of a Hair Follicle. (After Stohr.) 

A. Hair follicle commencing to form in a foetus of 3 months. 

B. The downgrowth of the follicle and mesodermal tluckening to form papilla, 

C. Invagination of follicular bulb by papilla with formation of matrix cone. 

Erector, arrector pilae. 

and to the sheath of Huxley of the hair root (Fig, 571, h). The outer 
root sheath is formed by the lining cells of the follicular shaft. As will 
be seen from Fig- 572, O, a^seb^eous gland is produced from the shaft 
of the hair follicle, wMle the^arreotor rnuscle (Fig. 571, h) arises from the 
' shaft at a deeper level. Like the muscles of the iris the arrector is peculiar 
in that it arises from cells of the ectoderm. 

The hairs produced at the 4th month are fine in texture {lanugo), and^ 
by the 7th month the whole body is covered by them. The hair roots of 
the eyebrows, eyelids and of the lips and scalp are the first to appear.^ 
The production of hair-buds goes on until birth, the later buds and hairs 
being thicker and stronger. After birth, new hairs are constantly 
reproduced within the sheaths to replace the old (Fig. 571). Probably 
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tte acini of the mammary gland, also believed to be highly modified 
sweat glands. The axillary glands contain much epithelial debris. 
They appear to be sexual in nature. The wax glands of the externa^l^ 
auditory meatus arc also modified sweat glands, being of the apocrine 
tj-pe. In man the apocrine t 3 rpc occurs in the situations just named 
(also in the circumanal region), whereas in other primates this type is 
more widely distributed. 

Sebaceous Glands.— The sebaceous glands are outgrowths from the 
more superficial part of hair-buds (Figs. 571, 572). Their epithelial 
lining is derived from the germinal layer. In hair sheaths which have 
become occluded after their hairs have been shed or lost or when the 
mouth of a gland is blocked, the secretion is retained, and a sebaceous 
cyst or wen, so frequently seen m the scalp, is produced. Round the 
mouth, on the lips and nose the sebaceous glands, especially in hormonal 
disorders of the sexual system, are apt to retain their secretions and 
become inflamed, small pustules being thus produced. The Meibomian'^ 
glands in the eyelids arc modified sebaceous glands. At birth the child j 
is covered by the vernix caseoso, which is composed of desquamated j 
corneous epithelium and the secretion of sebaceous glands. 

ttlAJOIARY GLANDS 

Evolutionary History [11]. — It is a remarkable fact that although the 
mfik glands do not come into use until adult life and although they must 
be regarded as among the later evolved structures of vertebrate animals, 
yet they are the first of all the glands arising from the epidermis to appear 
during development of the embryo. In the human embryo of the 6th 
week or in the corresponding stage of a pig (Fig. 575), or of any other 
mammal, the primary nuimmary ridge or milk line — a mere surface 
thickening of the ectoderm — is seen extending along the body wall on 
cither side from axilla to groin. Bresslau regarded these primary ridges 
as representatives of the brooding organs of the ancestors of mammals, 
from which structures he supposed that the mammary glands were 
evolved [12]. In a large number of human beings (15%) one or more 
supernumerary nipples are to be found between the axilla and groin 
(Fig. 57G), indicatmg the wide distribution of ancestral glands [13]. 
There is no longer any doubt that the mammary acini and ducts have 
been modified from sweat glands ; a mamma represents a group of sweat 
glands developed from a circumscribed area of sldn lying under the 
primitive mammary ridge i;i4]. Not ate there two opinions as to the 
stages in the evolution of the human nipple ; they are repeated in its 
development. In its primitive form the nipple is represented by a 
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If the nail be pressed, as by the boot, the lateral papillae, under the nail 
fold (see Fig, 573) arc directed dowoiwards, and their epithelial out- 
grou’ths follow the same direction, thus causing ingromng nail. 

About the end of the 7th month the matrix of the nad root becomes 
differentiated, active growth sets in and the terminal margin of the nail 
becomes free ; it grows forwards over the corneous layer which covers 
the terminal row of papillae of the nail bed. The ridge of corneous 
epithelium imder the nail-tip represents the central part of the hoof 
(“ frog ”) of ungulates (Fig. 574). 

The nail is carried by the terminal phalanges. Prof. Leboucq observed 
that the tip of the terminal phalanges of the foetus is covered by a 
special fibrous cap (Fig. 574), which undergoes ossification directly from 


NAIL rOLO 



membrane, while the rest of the phalanx is laid down and ossified in 
cartilage. The terminal phalanges have thus a special element added 
to them for the support of the nail and for the fixation of the terminal 
bulb of the digits. 

Sweat Glands. — In the 4th month solid processes of epidermis grow 
into the dermis from the ectodermal troughs and also from the necks of 
hair follicles and produce sweat glands (Fig. 567, B). They arise at the 
same time and in the same manner as, and often in common with, the 
buds of hair roots and sebaceous glands [9], They are produced within 
the epidermal ridges, and hence the ducts of sweat glands, as may be 
seen on the pahns and fingers, open along the summits of these. The 
sweat glands in the axilla are peculiar [lOJ. Ordinary sweat glands are 
r- of the simple or epicrine type, whereas those of the axilla are of the 
compoimd or apocrine type. In section the axillary glands resemble 
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The Femah Breast is composed of Uro embryological elements ; 

Glandular tissue derived from the ectoderm by a process of m- 
budtog; ^b) An intricate arrangement of connectrve tesue denved 
from the mesodermal subcutaneous tissue over the pectorabs major 
.1 Seven stages may be recognized in the developmental history of the 
’glandular mammary tissue. Four of these take place before Inrlh . 

(i) The stage represented by the ectodermal ridge passmg from azilla 

to grom— formed during the 6th week (Fig. 677, d). , , 

(ii) The production of a bulh-like downgrowth of ectoderm from the 



FIO. 577. Showing the v*rlou* itages fa the Development of the Mamma 
A during the 2nd month ; D. at thecommencementof the 3rd month; C, attheSth 
’ month: D. at birth. 


j., ectoderm > D. *• auheutaneona tissue (meaoderra) ; C, pcctoralis major. 

pectoral part of the maminary ridge. This dotvngrowth represents the 
pocket form of nipple (Fig. 577, B). 

(tri) From the deepest stratum of the ectodermal bulb arises a number 
of solid bulbs, exactly similar to those of sweat glands (5th month). 
The stalks of these buds form the epithelial lining of the lactiferous 
ducts (Fig. 577, C). 

(tr) The lobular buds, for each bud develops into a lobe, subdivide at 
their growing extremities. At first sohd, they begin to canaliculize 
(7th to 9th months). At or about birth the pit or depression, from which 
the lobular buds originated, is raised, evaginated and forms the surface 
of the nipple (Fig. 577, D). Thus the ducts come to open on the apex 
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pocket — an invaginated area of mammary skin — on the wall of which 
milk ducts open. Tkis pocket — an inverted nipple — becomes everted, 
chiefly by a proliferation of the tissues round the terminal parts of the 
duct, which raises the interior of the pocket first to the level of the 
surrounding skin and then above it to form a nipple — an everted 
mammary pocket. Eurther, the mammary ridge appears in both sexes 
alike, but this may not mean that both sexes of ancestral mammals were 
concerned in brooding or gave milk. The male is the father of girls as 
well as of boys ; it is therefore necessary to provide both father and 
mother with a complete sexual outfit if each sex is to provide equal shares 




Fig. 575. Embryo of a Pig, showing the Mammary Kfdge e.xtemJmg from Axilla to 

Groin. (After Schultze.) 

Fig. 576 . Diagram to show the Position in which Supernumerarj’ Nipples are usually 

found. (After Merkel.) 


to the making of their progeny. In females the breasts undergo a great 
development at puberty, while in males they retain their infantile form. 
The mammary glands of a full-time foetus may enlarge under the 
influence of oestrone [15], which stimulates the maternal breasts, and 
hence after birth may yield a secretion (witch milk). 

Oestrone acts, chiefly on the duct system and interlobar tissues of the. 
breast ; the hormone supplied by the corpus luteum induces develop- 
ment of the secretory alveoli. _ Many endocrinologists attribute the 
grbvdh and activity of the milk-fo rming tissue to prolactin, a hormone 
formed by the pituitary, particularly at the end of full term. Prolactin 
is also credited with a power of stimulating the maternal instincts [16]. 
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Fat begins to be deposited in the subcutaneous tissue during the 5th 
'month of foetal life. It forms a large clement of the mammary gland 
ilifter puberty. The subcutaneous tissue, out of which the capsule of 
the gland is formed, normally contains much fat. Mter lactation, when 
the glandular tissue atrophies to a considerable extent, a growth of fat 
replaces it. If no fat is deposited or if it be absorbed, then the breast 
loses its plump form and hangs on the chest. 


Lymphatics. — We have already seen (p. 473) that during the 3rd month 
the sldn and subcutaneous tissues become invaded by the developing 
system of lymph vessels, the pectoral system lying chiefly in the zone 
arising in connection with the jugular lymph sac. As each part of the 
capsule carries with it lymph vessels of the pectoral subdermal area [18] 
it will be seen that the arrangement of the parts of the capsule is an 
important matter in both the physiology and surgery of the gland. The 
periductal and perilobular lymphatics communicate through the septal 
or interstilial vessels with the superjicial mammarj' and deep (retro- 
mammary) lymphatics (Fig. 578). The superficial communicate with 
the su&cutoneous, the deep with those in the pectoral sheath : and thus 
it will be seen that mammary cancer may spread to the skin or pectoralis 
major. The deep and superficial join in the circum^mammary lymphatics, 
and from these pass efferent vessels to the pectoral and central glands of 
the axilla. The lymph passes from these to the deep axillary and inferior 
deep cervical glands — all of which are involved in late stages of cancer 
of the breast [19]. Other efferent vessels pass from the circum-mammary 
to the anterior intercostal glands of the upper four spaces ; one or two 
vessels may go to the cephalic gland. During mammary hypertrophy, 
which takes place at the end of pregnancy, there is a further formation 
of lymphatic glands in the axilla (Stiles). 

Peripheral Remnants. — Besides accessory ingrowths representing 
nipples, which are to be found in most foetuses of the 3rd month, isolated 
or semi-isolated small masses of glandular substance may be found 
situated in the circum-mammary tissue, beyond the body of the gland. 
Some may pierce the sheath of the pectoralis major, and become a source 
of recurrent cancer. The presence of glandular remnants is explained 
by the fact that when the primary budding takes place, the subdermal 
tissue is shallow and of small extent ; in the subsequent growth of the 
thorax, the tissue in which the mamma is developed is widely spread 
out. 

The mammary nerves (secretory) come from the 3rd, 4th and 5th 
intercostals ; the nipple is supplied from the same nerves. The nipple 
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of the nipple. An ampulla is developed in each duct within the base 
of the nipple. -- 

, Stages after Birth. — Stage 5 occurs at puberty ; the latent infantile 
lobular buds again undergo a rapid growth, and give rise to the minor 
''lobules and acini. The breasts do not enlarge if the ovaries have been 
removed or destroyed by disease. Stage 6 occurs towards the end of 
pregnancy, and consists of a renewed production of glandular tissue. 
Stage 7 sets in with the menopause, and is characterized by an atrophy 
of the glandular tissue formed in the later stages of development. 

In the process of sub-di^^sion, min or buds of adjacent lobes frequently 


subcutaneous hjmph. 



sheath pectorah's major 


retro-mammary 


Fig. 578. Diagramraatic section of the Breast to show the Arrangement of its Capsule 
and liympliatics. The Ij’mphatic vessels arc represented by thin wavy lines. 


unite together. Hence it is found difficult, during dissection, to separate 
the gland into its primary lobes. In any of the three later stages a 
localized and invading hypertrophy of the cells of the glandular tissue 
may take place [17]. In this manner cancer begins. The part played 
by the lymphatics, which are situated in the mesodermal tissue of the 
gland, in the spread of this disease makes their study important. 

Origin of the Capsular or Mesodermal Part of the Gland. — As the 
glandular buds grow into the subcutaneous mesodermal tissue, which 
reacts and hypertrophies aroimd the invading processes, they divide it 
(see Fig. 578) into (a) superficial, and (6) deep layers, these being joined 
together, by (c) interstitial septa. The superficial and deep layers are 
fused in (d), the circum-mamm ary tissue in which the final glandular 
buds terminate. The processes as they grew outwards also take on (e) 
perilobular and periductal sheaths. The deep and superficial layers are 
also connected with the anterior sheath of the pectoral muscles and the 
— for they are all parts of the same subdermal layer. 
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the dermal origin of neuroblasta is a factor of importance in the origin 
of the ner\'oii3 system [23]. Although the various forms of touch 
bodies, such as the Pacinian corpuscles and those of Krause and Meissner, 
have not been traced developmcntally, there can be little doubt that they 
arise directly from the epidermis beneath NS'hich they are situated [24]. 
Finer fibrils penetrate the cpiderirus ; sensation in all its forms is localized 
at separate points [25]. 
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contains non-striated muscle, and is covered witli touch papHlae, and 
surrounded by modified sweat and sebaceous glands. 

Dermis and Subcutaneous Tissue. — The subectodermal tissues,, out of 
which the dermis and subcutaneous stratum are differentiated, is at first 
composed of cells of rounded outline embedded in a homogeneous jelly- 
like matrix. ]\Iall regarded the matrix as a living substance in which, 
quite independently of the cells, connective tissue fibres are differentiated, 
both white and yellow. Processes are certainly developed from the 
cells, but it is doubtful if these ever become detached and form in- 
dependent fibres [20]. At one time it was believed that part of each 
primary segment — named the dermatome — spread downwards into the 
somatopleure to form the dermis or true sl^. Thus the dermis was 
regarded as segmental in origin. Dr. P. Murray excised part of the 
somatopleure of a chick before the corresponding paraxial segments had 
appeared, yet the part excised, when maintained alive, developed a 
normal dermis [21]. 

Fat Cells. — Certain granular cells of the connective tissue, especially of 
the subcutaneous layers, have the property of secretingfat, which appears 
first as diffuse droplets. These ultimately run together and produce the 
characteristic outline of adipose cells. Fat cells appear first in the sub- 
cutaneous tissue during the 5th month of foetal life ; later it appears in 
the subserous tissue of the body wall. It reaches its greatest normal 
^ development just before and after birth. Two, theories .are Iield regard- 
ing the.origia of fat cells : (f) that they are cells of the connective tissue 
, differentiated and set aside permanently to form and store fat ; (n) they 
;are ordinary connective tissue cells temporarily laden with fat [22]. 

; There is present at birth a sharply differentiated mass of fat and lymphoid 
tissue in each posterior triangle of the neck and extending on each side 
beneath the trapezius muscle. Hatai regards this mass as the repre- 
sentative of the interscapular gland of hibernating mammals (see p. 474). 

Touch Bodies and Sense Organs. — The cells of the ectoderm in the 
simpler forms of invertebrate animals not only protect the body but 
many of them become sensory or nervous in nature, developing processes 
which link them with neighbouring or even distant cells and thus are 
able to afford the animal data needed for a knowledge of its surroundings. 
In the development of the olfactory mucous membrane, of the auditory^ 
cells and of the taste buds of the human embryo, this specialization of 
areas of the ectoderm is seen (see Fig. 98). The retina, the brain, spinal 
cord and nerves are also areas of the ectoderm which have been highly 
specialized and set aside for the purpose of correlating the organism with 
its surroimdings. Such cells may migrate and become grouped in central 
masses of the nervous system. Dart and Shellshear have shown that 
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